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DISEASES OF THE CEREBROSPINAL AND
SYMPATHETIC NERVES.

BY

JAMES HENDEIE LLOYD,
PHILADELPHIA.





DISEASES OF THE CEREBROSPINAL
AND SYMPATHETIC NERVES.

In describing the diseases of the nerves of the human body it will

not be possible entirely to avoid trespassing upon the domains of other

writers. This is for the obvious reasons that, first, the nerve trunks

are an integral part of the central nervous system and have either their

origins or their ramifications within the great cerebro-spinal axis;

and second, that many diseases are not sharply delimited by nature

to this one particular territory, but extend their ravages to the nerve

centres ; or even, originating in these centres, may ultimately involve

the nerves and display in them some of their most characteristic

symptoms. It is nevertheless true that by a general consent the vari-

ous diseases of the nerve trunks are now fairly well demarcated from

those of the central nervous system, and it is rather the exception

than the rule for them to involve the central structures. I shall

therefore follow the custom of excluding diseases that are properlj-

located above the nuclei of the peripheral nervous system, but I

may occasionally invade these nuclei for purposes of illustration or

thoroughness.

It becomes necessary, first of all, in such a paper as this, to devote

some space to a general discussion of the anatomy, physiologj^, symp-

toms, and pathology of the nerve trunks. In such a brief general

discussion the advantages will be seen of not limiting the description

exclusively to those trunks, but of pointing out how the subject is

interwoven with the wider subject of the whole nervous system.

In the second division of the subject each particular nerve will be

taken up, and its diseases will be described and its pathological rela-

tions pointed out.

.

GENERAL ANATOMY OF THE NERVES.

In order to understand the general anatomy and physiology of the

nerve trunks and their ramifications, it is absolutely necessary to

study them briefly in their relationships with the rest of the nervous

system. This has become especially so since the discoveries of Golgi
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and his followers liaYe led to an entirely new conception of this

system. As Hill ' lias said, Golgi's method of silver staining has

thrown more light upon the structure of the nervous system than

all other methods, microscopical, physical, or experimental, put to-

gether. It is essential, therefore, to avail ourselves of these results

in order to gain a proper conception of the position of the nerve

trunks in the nervous economy.

The essential element of the nervous system is the nerve cell.

This nerve cell is an absolute anatomical unit. By this is meant that

it exists by itself, independent of all other nerve cells or of other tis-

sues. It has no continuity of structure with any of these, but only

contiguity of structure. Golgi's and other allied methods prove this

fact. They demonstrate that the nervous system is only an aggrega-

tion of distinct and separate nerve cells, having mutual relations but

not anatomical continuity. This is in opposition to the view, which

so long prevailed, that the nervous system was a sort of continuous

texture, in which the processes of one cell anastomosed with those of

other cells. It can now be clearly demonstrated that there is no such

anastomosis. It thus becomes all important to study the nerve cell

as the seat of all neurological phenomena.

Taking as a type one of the large pyramidal cells of the cerebral

cortex, we distinguish at a glance two integral parts—the body and

the processes of the cell. These together form the anatomical unit

now called the neuron. Schaefer proposed restricting the term neuron

to the axis-cylinder process, but this proposition has not been ac-

cepted. Waldeyer suggested the term neuron for the whole nerve

cell, including its axis cylinder, which latter some have proposed to

call the neuraxon. Waldeyer's plan is that which is now quite uni-

formly adopted.

The body of the neuron is always the seat of the nucleus, in which

again is seen the nucleolus. This nucleus is both absolutely and

relatively larger in nerve cells than in other cells (Schaefer). Its

function is apparently largely nutritive—a fact of first importance to

the neuropathologist. If, for instance, any portion whatever of the

neuron be cut ojff from that portion which contains the nucleus, the

part so cut off will inevitably degenerate and ultimately die. The pro-

toplasmic contents of the neuron present a reticular appearance,

especially well marked in cells stained by Nissl's method. In its nu-

tritive function and its dependence on the nucleus, the neuron has
distinct a w6e?;oic? characteristics, i.e., it resembles that lowest unicel-

lular animalcule called the amoeba.

The processes of the neuron, as can readily be seen, are of two
kinds. The more important of these is the axis-cylinder process.
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In the embryo tins is the first process that appears, antedating, in the

human embryo, the other kind by several weeks. His (quoted by
Dejerine'O observed that the axis cylinder in the human embryo
appeared in the first month, but that the deudrous did not appear

until the tenth week. This does not seem to confirm the theory that

these latter subserve nutrition entirely. The axis cylinder is distin-

guished by its smooth surface and its perfect regularity. Dejerine

also points out that it can be told from the other kind of processes by

a cone of origin. It is ajDparently a simi)le prolongation of the cell

and its contents ; if there is any differentiation of structure in it from

the cell, it has not been demonstrated. Its function is limited en-

tirely to transmitting impulses. In the case of all neurons the axis-

cylinder process gives off branches in its course, which are called

collaterals. These are identical in structure with the main limb.

They and the main limb end in tufts of fibrils, which are called a;rhor~

izations. The axis cylinder and its collaterals are prolonged into the

nerve trunks, and thus constitute the nerve fibres.

The second process, or collection of processes (for there are usu-

ally more than one), are different in several important respects from

the first kind. They are larger, coarser, and more numerous than

the axis cj'linder. They were called by Deiters the protoplasmic

processes, but they are now usually called, after His, dendrites, or,

after Schaefer, dendrons. They do not form an axis cylinder. Their

surface is not smooth, as is that of the axis cylinder, but is marked
in some instances with small bead-like swellings (especially in the

embryo), or with small, regularly distributed prominences, as though

the surface were frosted. The deudrons usually send off branches,

in some instances very many (as in the cells of Purkinje), and this

branching begins not far from the body of the cell. The function

of the dendrons is claimed by some biologists to be purely nutritive,

but this is not probable ; they must transmit impulses, especially in

the numerous instances in which they are interlaced with the termi-

nal arborizations of the axis cylinders of other cells. The purely

nutritive function of the dendrons is rendered impossible also by the

fact that some important cells have none of these processes—the uni-

polar cells of the spinal ganglia, for example. In all cases the den-

drons terminate by free ends, never by anastomosis.

There are many varieties of neurons, according to their location

and function in the nervous system. Schaefer proposes to distinguish

between dendric and adendric cells, according to the presence or ab-

sence of dendrons ; and again, to distinguish cells according as they

have one or more axis cylinders. Again, some neurons have much

longer axis cylinders than others ; and finally, in some neurons the



6 LLOYD—CEREBROSPINAL AND SYMPATHETIC NERVES.

axis cj'linder arises not from the body of the cell, but from a den-

dron. Considering these facts, Dejerine observes three kinds of cells

:

(1) Cajal's cell, in which the axis cjdinder may be multiple, but

always arises from a dendron; (2) Golgi's cell, in which the axis

cylinder is single, but very short and divided into numerous ramifi-

cations; (3) Deiters' cell, in which the axis cylinder is also single,

but long and divided into collaterals. The cells of the second type

were claimed by Golgi to be always sensory, those of the third type

alwaj's motor; but this is probably erroneous.

The terminal arborizations of the axis cylinders and of their col-

laterals are interlaced in some instances with the dendrons of other

neurons, but in other instances form a kind of network around the

bodies of these neurons. In whatever way they are disposed their

ends are alwaj'S free.

As already said, it has been held by some, especially by Golgi, that

the function of the dendrons is to take up nutritive fluid for the sup-

port of the cell body, and that the axis cylinder alone has a purely

neiwous function. In support of this view, Golgi claimed to have

demonstrated that the dendrons were often found in connection with

the capillary system. This view has been opposed by others, promi-

nent among whom are Cajal and Lenhossek, who maintain that the

whole neuron is nervous in its function, and that if there be any

differentiation it consists in the possible fact that the dendrons are

recej)twe and the axis cylinders are cellulifugal, i.e., conduct impulses

outwards (Dejerine). This latter view would seem to be in accord

with the observed facts of cytolog}^ for as a rule the function of nu-

trition in cells is not differentiated in the manner claimed by Golgi.

We must next, for our purposes in this paper, view briefly the

plan ia which these various kinds of neurons are grouped in order to

form the nervous system.

The nervous system, central and peripheral—to use an expression

of Dejerine—is constituted merely by a series of neurons more or

less prolonged. The accompanying diagram from that author ex-

plains this fact more fully than can words. Before analyzing it in

detail, it is important once more to emphasize the fact that each indi-

vidual neuron is an indei)endent anatomical unit. In consequence of

this fundamental fact, as is seen in the diagram, there is no anasto-

mosis, and consequently there is no network of nerve fibres in the

sense in which Gerlach used the term and which was so long adopted,

I.e., a network of li\ang anastomosing fibres, constituting a sort of

widespread textile organon, receiving and originatiug the peripheral

nerve fibres. So absolutely is this simple anatomical unit, the neu-

ron, regarded by some as the unique basis of all neurological phe-
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nomena, that authors like Dejerine even deny that there is any dis-

tinction functionally between a motor and a sensory neuron, but claim

that the difference in action results merely from the difference in ana-

tomical connection, the one being distributed to muscle and the other

to skin. While it is difficult to conceive how all differentiation be-

tween neurons can be denied, especially when we consider the higher

psychical functions, still it is a fact that, so far as their pathological

reactions are concerned, they are all apparently alike. This fact con-

cerns us here especially, because we are about to describe the dis-

eases of the peripheral nervous system only. But it will be neces-

sary first to understand the anatomical relation of this system to the

cerebrospinal axis.

It will be seen, by reference to the diagram (Fig. 1),* that the mo-
tor side of the whole nervous system consists of but two neurons—

a

central and a peripheral neuron. The central neuron (JV,) has its

cell body in the cerebral cortex {EG) . It is a large pyramidal cell,

distributing a few dendrons in its immediate neighborhood and send-

ing a very long axis cylinder downwards. This axis cylinder is, in

fact, one of the fibres of the crossed pyramidal tract, and ends in the

spinal cord by arborizations, which interlace with the dendrons of

the second or peripheral neuron {N^. This peripheral neuron is,

in fact, one of the large multipolar cells in the anterior horn of the

spinal cord; it, as we have just said, has dendrons interlacing with

the arborizations of the axis cylinder of the central neuron. It also

sends out a long axis cylinder, which has but few if any collaterals,

and distributes its end-arborizations in a muscle. This axis cylinder

forms one of the component fibres of the nerve trunk.

On the sensory side we see that the efferent tract is composed of

three neurons. The first, or peripheral neuron {N^, is of special in-

terest, because it originates entirely outside of the central nervous

system. Its cell body is located in the spinal ganglion of the poste-

rior root. It is usually represented, as in the diagram, as a unipolar

cell without dendrons. Its single axil cylinder divides into a T-

shaped double branch, one limb of which is distributed in the skin

{Ep) ; the other passes by way of the posterior root into the spinal

cord, and there, in the posterior column, divides, one branch passing

downwards, the other upwards. Both these branches send out col-

laterals, which have various terminations. Thus one collateral is

shown in the diagram to distribute its arborizations amidst the den-

drons of the peripheral motor neuron (the multipolar cell of the an-

terior horn); another goes to a neuron in Clarke's column {CO),

*I wish to acknowledge especially my obligations to Dejerine's excellent work iu

preparing this brief description.
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which, sends its axis cjdinder up by way of the direct cerebellar tract

to the cerebellum (N,_ with dotted line). The ascending branch ter-

minates around or near the second or intermediary sensory neuron

(yG + B). This second or intermediary neuron has its cell body

in one or other nuclei of the columns of GoU and Burdach in the

Fig. ].—Diagram Showing Relations of the Nerves to the Nerve Centres. (D6jerine.)

medulla oblongata. It sends its axis cylinder up to the thalamus

(TV/). Here its arborizations interlace with the third or central sen-

sory neuron (lY,), which sends its axis cylinder to the cerebral cortex,

to end by arborizations which interlace with the dendrons of small

cortical cells, which in turn interlace with the pyramidal or central

motor neuron. Tliua, as it Avere, the circuit is completed. The dia-

gram rei)reseiitH a few other collateral connections—as, for instance,
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a large collateral arising from the pyramidal cell just as the axis cyl-

inder leaves the cortex. This is probably sent through the corpus

callosum to the other hemisphere. Other connections of the sensory

neurons through the thalamus {Th) with the cortex are also seen.

But with these we are not here specially concerned. The figure is,

of course, absolutely and merely diagrammatic, and serves its pur-

pose to illustrate the relations of the nerve trunhs to the central ner-

vous system.

The peripheral sensory neuron is of special interest, because of

its mode of origin and the light which it throws upon the develop-

ment and anatomy of the nerves of special sense. As seen in the

embryo chick, duck, etc., the neuron, from which develops the sen-

sory nerve running from the skin through the posterior root into

the cord, grows in the ganglion of the posterior root. It is origi-

nally bipolar, sending out an axis cylinder from each end or pole.

In the course of development this bipolar neuron gradually changes

into a unipolar one. The cell gradually assumes a position to one

side of the two axis cylinders, which thus appear as one continuous

fibre, the cell being attached to it by a process of its own. This is

explained differently by Jakob, who claims, from analogy with the

neurons of special senses, that the so-called axis cylinder going to the

skin is not embryologically an axis cylinder at all, but a dendron.

Lenhossek demonstrated that the cells of these peripheral sensory

neurons in earthworms are located in the epithelium of the skin,

whence they send each an axis cylinder direct to the central nervous

system. As we ascend the animal scale we find these peripheral sen-

sory neurons retreating, as it were, farther and farther inwards, until

when we reach the vertebrates the cell bodies are grouped in the

ganglia of the posterior roots, far within the parietes of the body.

These facts in comparative anatomy are shown in the accompanying
diagram (Fig. 2). Their significance with reference to the nerves of

special sense will be shown when we come to describe the diseases of

those nerves.

From the foregoing description it is now easy to understand that

the nerve trunks are merely collections of axis cylinders arising from

the cells of neurons, whether these cells are in the nerve centres or in

the ganglia outside of the nerve centres. These axis cylinders, how-

ever, are enclosed in protective sheaths, and the nerve trunks are

supplied also with connective tissue and blood-vessels, with all of

which it is necessary to be familiar.

We owe largely to the investigations of Eanvier our exact knowl-

edge of the sheaths of the axis cylinders. These are two in number.

The first of them to appear embryologically is the outermost one, or
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sheath of Schwann. This is formed by cells which, very early in

embryonal life, apply themselves closely to the axis cylinder. They

become immensely elongated and attenuated (His), and by the end

of the first month they form a sheath which completely encloses the

axis cylinder. This sheath, however, as proved by Eanvier, is not

continuous, but is broken up into segments, each segment represent-

ing one of the original enclosing connective-tissue cells. These seg-

ments are limited by constrictions, the annular constrictions or nodes

-•Invertebrates

Fig. 2.—Varying Position of the Cells of the Peripheral Sensory Neurons, (D6jerine.)

of Ranvier {a, Fig. 3), Each segment contains a nucleus at about

equal distance from the annular constrictions.

The second sheath is the myelin or medullary sheath (w). This

consists of a perfectly homogeneous substance interposed between the

sheath of Schwann and the axis cylinder. In life it is transparent,

but it rapidly undergoes post-mortem changes. It is this myelin

that gives the nerves their white appearance. The reactions of this

substance to various reagents, as osmic acid, nitrate of silver, etc.,

have been described and depicted in great detail by Ranvier, Lauter-

mann, Golgi, and others. Many of these appearances, as Kolliker

has said, are probably artefacts caused by the reagents. The anat-

omy of the nerve fibre is shown in Fig. 3.

The structure of the axis cylinder itself has been the subject of

some dispute. According to Dejeriue it is a mass of fibrils ; accord-
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presence of

ing to Leydig, Nansen, and others, it is merely a continuation of the

reticulum composing the cell body of the neuron ; and according to

Schaefer, it is a bundle of distinct tubes, which spread out at the

periphery in their distribution, each preserving its identity. Ac-
cording to the view of all of these, it is at least probable that the

axis cylinder contains a protoplasmic fluid, either within these tubu-

lar fibrils, or between them, or in the meshes of the reticulum, accord-

ing as either view is adopted. Lenhossek"'' in his recent work de-

picts a nerve cell in which the axis cylinder is not drawn as though
composed of fibrils or of reticulated tissue, but is of homogeneous
substance, in marked contrast with the body of the cell.

Non-Mediillated Fibres.—Eemak demonstrated the

non-medullated fibres. They are

found especially in the sympa-

thetic system in vertebrates, al-

though not exclusively in that

system. Thus the fibres of the

olfactory nerve are non-medul-

lated. These fibres, or fibres of

Eemak, are also found in other

parts of the cerebrospinal axis.

Dejerine says that they have a

fibrillar structure, such as he

believes is the case in the medul-

lated fibres, and like these they

end in arborizations, but never

by anastomosis.

The Connective Tissue of

Nerves.—As the seat of many
of the pathological changes that

underlie the diseases of the peripheral nervous system, it is highly

essential that the- connective tissue should be thoroughly understood.

This tissue has two functions especially to perform ; one is to bind

together and to protect the nerve fibres, the other to support the

blood-vessels. Both of these functions are the causes and the occa-

sions for some of the most striking and profound of the morbid man-

ifestations that occur in the nerve trunks.

A nerve trunk, as already explained, is a collection of axis cylin-

ders, each of these being encased in its protective sheaths. These

axis cylinders, however, do not run all together in one long tube, but

are grouped in small divisions, each of which is called a fasciculus.

Thus a nerve trunk consists of a collection of fasciculi, each fasciculus

holding a number of nerve fibres. The connective tissue which forms

jry

Fig. 3. —Anatomy of the Nerve Fibre. (D6jeriue.

)
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'c,a:

these subdivisions and holds them together is, therefore, divisible

into several kinds, which have been variously named.

The connective tissue which forms the wall of each fasciculus is a

firm lamellated tissue {cfl, Fig. 4). It forms a solid tube, as it were,

excepting that here and there it is perforated by minute blood-vessels,

which carry nourishment to the nerve fibres within. In smaller

nerves, in which each fasciculus contains but a few nerve fibres,

the lamellated sheath is quite thin and delicate ; but in the larger

nerves, in which the fibres in each fasciculus are numerous, this

sheath becomes
much denser and

thicker by the in-

crease of its concen-

tric lamellae. Thus
in the sciatic nerve

the walls of the fas-

ciculi are quite
dense.

The connective

tissue loitliin each

fasciculus serves the

purpose of a sup-

porting membrane
for the nerve fibres.

It is composed

partly, according to

Ranvier, of laminae

which insinuate

themselves between

the nerve fibres, and

subdivide the fas-

ciculus into still

smaller but not very

distinct compartments. These laminse are really extensions in-

wards of the lamellated tissue of the wall of the fasciculus. They
also conduct and support minute blood-vessels. The intrafascicular

connective tissue is also composed in part of fine fibres, and does not

differ materially from the connective tissue of other parts, except

that it is without elastic fibres (Dejerine). It serves entirely'' as a

supporting membrane.

Finally, there is the connective tissue between or among the fascic-

uli. This is ordinary connective tissue, which, according to Ranvier,

has its fibres running almost exclusively in a longitudinal direction,

i.-r"-'-'

r./iCtf"'"-

Fig. 4.—Cross Section of a Nerve; /.n., nerve fasciculus; gl.^ sheath;

/.c, connective tissue; c.a., adipose cells. (After Ranvier.

)
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instead of crossing in all directions. It supports the main blood-

vessels of the nerve trunk, and has embedded in it a certain amount

of adipose tissue.

The Blood-Vessels of the Nerves.

The nerve trunks are copiously supplied with blood-vessels.

These arise from many branches, but usually from only one, or at

most a few main trunks. In most in-

stances the artery passes obliquely to

the nerve trunk, and then continues

for some distance on the outside of the

sheath, giving rise to many branches.

After penetrating the sheath it divides

into two branches, one of which passes

upwards, the other downwards. The
interfascicular branches are numerous

(see Fig. 5). Small branches pene-

trate the fasciculi, within which they

give origin to a network of capillaries.

Kanvier also described a capillary

system in the perifascicular connec-

tive tissue.

The veins follow in the main the

course of the arteries.

The lymphatic vessels as such do

not originate in the fasciculi, but in

the perifascicular connective tissue.

The lamellated walls of the fasciculi

form a system of lacunae, which act as

lymph channels and communicate with

the lymphatic vessels in the perifas-

cicular connective tissue (Ranvier).

¥iG. 5. —Interfascicular Distribution of

Arteries in a Nerve Trunk. (Qu6nu and
Lejars.)

Termination of the Nerves.

The fundamental fact to be remem-
bered is that the nerves terminate by
free ends at the periphery, just as it has been shoMm already that

the neurons terminate in the central nervous system. The view,

formerly held so commonly, that there are terminal sense organs in

the shape of cells or other structures, continuous with the structure

of the nerves, is now known to be erroneous. The so-called corpus-

cles of Langerhans, for instance, have been proved by the silver

methods to have no identity with the nervous tissue. In the skin the
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sensory fibres (peripheral sensory neurons) terminate by free arbor-

izations. According to Dejerine, these fibres, still covered by their

medullary sheaths, ramify under the basal membrane of the papillae,

and there give off fibres which are non-medullated. These latter,

presenting slight varicosities, ramify freely, and terminate between

the cells of the Malpighian bodies.

In the mucous membrane the arrangement is practically the same

as that in the skin. The small non-medullated terminal fibres pre-

sent the same minute varicosities, giving the nerve twig a beaded ap-

pearance.

This general plan of termination is preserved in all nerves of com-

mon sensation. Modifications, which occur in various structures, do

not radically change the type. All of them are marked by this bead-

like appearance of the non-medullated fibres, which is produced by

small varicosities on the nerve twigs. In all cases the endings are

free.

In the glands the terminal fibres form networks around the glandu-

lar culs-de-sac, from which networks fine end-fibres are detached

which attach themselves directly to the secreting cells without the in-

terposition of any membrane. It must not be understood, however,

that these networks are formed of anastomosing fibres— they are

rather merely interlacing fibres.

On the motor side the termination of the nerves is also by free ar-

borizations, but these are confined in the voluntary muscle to a small

territory or bulb, known as the motor plates, described by Eouget, by

Krause, and by Kanvier. These motor plates are small swellings,

each one on a distinct muscular fibre. They present nuclei and are

covered by a layer of sarcolemma. The nerve fibre, still medullated,

penetrates this sarcolemmatous sheath, its own medullated sheath

being lost within the motor plate, in which its fibres end by a free

arborization. It is thus seen that the type of terminal arborizations

is preserved here perfectly, the only distinction being in the organ in

which this arborization is effected.

GENERAL PHYSIOLOGY OF THE NERVES.

The physiology of the nerve cell, or rather of the neuron, is of

cardinal importance now, since it forms a basis for the whole science

of neurology. Unfortunately it cannot be said that this physiology

is further advanced than its infancy.

The i^hysiology of the neuron is somewhat vaguely described by

physiologists as the elaboration of a "nerve impulse." The exact

nature of this nerve impulse is not thoroughly apprehended; and, in
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fact, the term, it is to be feared, is too generalized to convey very def-

inite ideas or accurate knowledge. We have already seen that Deje-

rine holds that this impulse is identical in all neurons, that the only

differentiation consists in the character and function of the struc-

ture to which the terminal arborizations are distributed. This is

reducing all neural phenomena to the older neurility of Yulpian; but

when the complexity of psychical functions is considered, it is quite

inconceivable. It therefore is essential to recognize that neurons are

differentiated in function, and that this function cannot be all com-
prehended under one term. According to Donaldson," the prevailing

idea seems to be that this nerve impulse is generated as the result of

certain chemical changes in the cytoplasm of the cell. It seems to

be accompanied with certain electrical phenomena, but it would be

too much to say that it is identical with them. It can be excited by
mechanical, thermal, electrical, or chemical irritants. It is not essen-

tial that the irritant should be applied to any particular part of the

neuron; at whatever part it is applied the nerve impulse spreads out

from it in all directions ; or, if the impact is made to a branch, as the

axis cylinder, the impulse extends in opposite directions. This im-

pulse seems to be limited to the neuron itself; that is to say, this

impulse, when artificially excited by an external irritant, does not

transcend the limits of the neuron. Thus, when the fibres in the an-

terior root of the spinal cord are stimulated with electricity, there is

not found b^^ the electrometer any evidence of nerve impulse at the

cut end of the cord somewhat cephalad of the irritated root (Donald-

son) . This is explained by the fact that the nerve fibres in the ante-

rior or ventral root are really axis cylinders from the large multipolar

cells in the anterior horns (peripheral motor neurons) , and that con-

sequently the imj)ulse does not transcend the limits of those neurons,

which limits are in their dendritic branches, which are distributed in

their immediate neighborhood in the cord. The function of these

motor neurons is, of course, to send motor impulses towards the pe-

riphery, and this they do also when artificially excited ; but it is not

their function to send impulses upwards through their dendrons into

the arborizations of the central neurons, and accordingly they do not

send these artificially excited impulses upwards either. But as they

are constantly receiving normal or physiological impulses from above,

through their dendrons, it seems to follow that the path of transmis-

sion is normally from the arborizations of the contiguous upper cells

into the dendrons of the lower-lying cells, and that this path is not

reversed for impulses excited by electrical irritation. This is in ac-

cord with the opinion of some biologists, that the dendrons are recej')-

tlve organs and that the axis cylinder is a transmitting organ. It
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seems to be proved, however, that nerve impulses can travel through

a neuron in a direction reverse to the physiological one ; as, for in-

stance, in the peripheral sensory neuron. If, for instance, the cut

end of the cord be stimulated in the posterior column, the impulse is

observed in the posterior root on the distal side of the ganglion.

Here, however, the impulse is still confined to the one neuron, which

has its cell in the ganglion. Donaldson supposes that while the body

of the cell is excitable, yet the dendrons are especially so—in other

words, that they are adapted especially for the function of receiving

impressions. It must be remembered also, as Donaldson observes,

that the conditions of observation are such that it is not yet practica-

ble to isolate a nerve cell completely for experimental purposes, and

hence the question has been raised whether experimentally the neu-

ron after all is not dependent upon irritation of the arborization of

contiguous cells for its stimulation. A priori, there does not seem

adequate ground for such an assumption, if we accord to neurons an

inherent quality of excitability. In other words, we may suppose

that each independent neuron is artificially excitable, although physio-

logically it may, as a rule, depend upon the stimulus which it receives

from the cell lying next in series to it. This question is, after all,

only a physiological quibble. If, for instance, it is claimed that the

cell body is not excitable except through the arborizations of another

cell, the question of excitability is only transferred from one cell to

the other, because whether the cell of one neuron is excitable or only

the arborizations of another, in either case it results that one of these

neurons is excitable. The peripheral sensory neurons certainly are

excitable without intermediation of another neuron. For the path-

ologist there seems to be no difficulty in supposing that the neurons

are excitable by morbid agents anywhere in their course. This cer-

tainly seems to be the teaching of pathology.

Schaefer and Horsley have attempted to show that neurons have a

rhythmical discharge, and that the rate of this is about ten times a

second. It is demonstrated by experiment that the nerve impulse

travels at the rate of about one hundred to one hundred and twenty

feet per second ; in the visceral nerves it is only about twenty-five to

thirty feet per second.

It seems to be still an obscure question how nerve impulses pass

physiologically from one neuron to another. Whether this is by act-

ual contact of the arborizations of one neuron with either the dendrons

or the cell body of another, or whether in the possible absence of such

contact the nerve impulse in some unaccountable way leaps across

this minute space, or is conducted by the intervening neurogliar tis-

sue—these are still vexed questions. That there is actual movement
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of the neuronal endings, and that these consequently are applied to

and withdrawn from the contiguous neurons, has indeed been sug-

gested; but there is nothing in actual observation to support such a
theory. The inference that a neuron acts like an amoeba and may put
forth pseudopods, is entirely fanciful. In embryonal life, indeed, it

has been claimed by biologists that the young cells just developing

from the neuroblasts are migratory, and the prolonged growth of their

processes, especially their axis cylinders, implies, of course, some
progression through space ; but to infer from this that a power of

lively movement remains in the neurons during adult life is not war-

ranted. It can be equally said of other embryonal cells that in ad-

justing themselves in the formative period of life they have some
power of movement, or rather of being moved, but this does not im-
ply that they retain an active amoeboid faculty during mature life.

All that we can say at present is that there seems to be an apprecia-

ble delay in the transmission of an impulse from one neuron to

another.

A distinction, important to the neuropathologist, must be made
between the irritability and the conductivity of a neuron or its axis

cylinder. A fibre which for any reason may have lost its power to

respond to external stimulants, may nevertheless retain its power to

conduct an impulse from the cell body to the terminal arborizations.

This is seen especially in nerve fibres that are undergoing regenera-

tion after injury.

Other data concerning the functions of the neuron have been and
are being gathered by physiologists, but many of them relate to phe-
nomena which are still obscure and are not essential to our study in

this place.

The nutrition of the neuron is dependent in some way, just as in

the amoeba, upon the nucleus. Any portion of the neuron, either of

its body or of any one of its processes, will infallibly die if cut off

from that portion of the cell body containing the nucleus. The exact

vitochemical changes that take place in this act of nutrition are un-

known. This is still the prime Secret of nature. The method of ab-

sorbing nourishment is apparently through the cell wall by a process

of osmosis. In this process of nutrition the material is stored which

liberates the force which, as wo have seen, is vaguely called the " nerve

impulse." In fact, this is the nutritive process probably; for it

scarcely seems conceivable that in such a simple body nutrition

should be a separate process from the storage of material to make
nerve force. Hence the idea of some (Golgi et at. ) that the dendrons

are alone concerned with absorbing nutritive material and that the

axis cylinder is alone a true conducting nerve organ, is not generally

Vol. XI.—

3
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accepted. The only differentiation seems to be that the dendrons re-

ceive impulses and the axis cylinder transmits them. In favor of the

view that nutrition and energizing are practically one and the same

process (or different phases of it), is the fact that a nerve cell which

does not receive its due allowance of stimulant, and hence does not

give forth impulses, is very soon seen to atrophj^ Thus if the pe-

ripheral sensory neuron is deprived of its cutaneous branch by an

amputation, it atrophies. It seems, therefore, that each repeated act

of expending force must be followed by renewed nutritive activity,

and thus the vigor of the cell is maintained. According to Donald-

son, this is true to such an extent that in a series of neurons, if one

fails to transmit impulses to the cell next in the series, this latter cell

sooner or later wastes.

From the facts already stated arises one of the basal laws of neu-

ropathology—the "VVallerian law. According to this a nerve fibre

(axis cylinder) when cut off from its nutritive centre (cell body with

nucleus) degenerates. This law was announced before its true mean-

ing was recognized ; but it is now thoroughly understood by referring

it to the trophic functions of the cell. The nerve fibre in the nerve

trunk is part of that organic whole called a neuron. When it is cut

off, either b}" mechanical injury or by disease, from the cell body and

its nucleus, it degenerates and ultimately perishes. This fact is seen

so commonly in numerous diseases of the cerebrospinal nerves that it

is highly essential that the physiological law upon which it depends

should be understood.

In addition to this peripheral degeneration, there is observed un-

der some circumstances a central atrophy of the neuron when its axis

cylinder or its other connections have been interfered with. To be

seen in its entirety, however, this atrophy must be seen in young ani-

mals. It is observed especially well when the injury has been in-

flicted during intra-uterine life. This atrophy may jjroceed even to

complete disappearance of the whole neuron, cell body and all. Von
Gudden made use of this fact to establish a new method of investiga-

tion (Edinger). He observed that, if in very young animals the axis

cylinder were broken off and the cell body dislodged from its place

{i.e., its dendritic connections disturbed [?J), the remaining portion of

the neuron—that is to say, its cell body with the nucleus—atrophied

and entirely disappeared. By artificially removing the end organs of

neurons, as, for instance, by extirpating the eye, he was enabled to

follow up resulting atrophies in the brain. These changes probably

depend upon a law, already mentioned, that the nutrition of a neuron

keex)S pace with its energizing, and therefore that if anything inter-

feres with the more or less constant stimulation of the cell body by
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repeated impressions from without, this cell body will tend to deteri-

orate and waste. This, of course, would apply to the sensory cells

more than to the motor in case of an amimtation of a limb. But even

in the case of a motor neuron, if its axis cylinder is cut off and the

cell's connection with its muscle is destroyed, its function must be

almost abolished. Donaldson suggests that the struggle for existence

may be a factor in the causation of this atrophy, since it seems that

this struggle for nutriment is quite marked among embrj^onal cells.

Edinger examined the spinal cord from a man who had had an intra-

uterine amputation of the left forearm, and found marked atroi)hy in

the left anterior horn of the cervical enlargement. It is important to

recollect that this atrophy is much more marked when the injury has

occurred in embryonal or early life than when it has happened in the

adult. It is more marked also the nearer to the trunk the amjjuta-

tion is.

In addition to these pathological changes in nutrition, Hodge
demonstrated that there is a recognizable change within strict physi-

ological limits. In other words, he showed that in a condition of

fatigue the neuron presents distinct visible changes, which evidently

represent a consumption of plasma in the elaboration of force. These

changes were noted especially in the cells of the spinal ganglia of

sparrows, in cerebral and cerebellar cells in other biids, and in those

of the antennary lobes of bees. The method, in brief, was to observe

these cells after they had been subjected to a full day's work, and

then to com]3are them with similar cells from other similar animals

after a night's rest. Similar effects can also be produced by pro-

longed stimulation of any of these cells by the faradic current. This

has been done by Hodge' in the cat and in the frog. The changes

noted are, briefly, shrinking and in some instances vacuolation of

the cytoplasm (the protoplasm of the cell), with lessened power to

stain; and shrinking and crenation of the nucleus, with loss of its

open reticular appearance. The nucleolus also is smaller than nor-

mal. Slight changes also are noted in the nuclei of the sheaths.

Vas and Mann' found a preliminary swelling of the cell after a brief

period of stimulation. Mann says that during rest several chromatic

materials are stored up in the nerve cell, and that these are used up

by it during its activity.

The significance of these trophic changes in the neuron as a re-

sult of sustained activity is considerable to the neuropathologist.

They are probably similar to what occurs in some states of prolonged

nerve exhaustion. It is probable, as the axis cylinder is but a pro-

longation of the cell body, that its nutrition also suffers somewhat

from long-continued exertion, but this is not demonstrable as yet un-
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der the microscope. Hodge says that the,method of Kupffner and of

Bovere, by osmic acid and acid fuchsiu, demonstrates the essentially

fibrillar constiuction of the axis cylinder, but he seems to have made

no observation of changes in these fibrillse as a result of his experi-

ments. It has been found that prolonged stimulation (for five hours)

by electricity does not abolish its conducting power (Bowditch,

quoted by Donaldson), but this does not i)rove that its nutrition is

not impaired in a corresponding degree to that of the cell body. In

diseases of the peripheral nervous system we possibly meet with in-

stances of nerve tire and nerve exhaustion, in which the underlying

condition may be identical with those minute anatomical changes

originally described by Hodge. In such instances it would, of course,

be difiicult or even impossible to regard the condition in the nerve

trunk (axis cylinder) as distinct and apart from the condition in the

cell bod}', since these form one anatomical unit, the neuron. Hence

in treating of the diseases of the nerve trunks, it may be necessary to

note this fact occasionally^ and perhaps sometimes to transcend the

strict limits of the peripheral nervous system.

From the general facts already stated with reference to degenera-

tion and the Wallerian law has come much special knowledge of the

course of individual nerve fibres. This is so especially of the roots

of the spinal nerves. These roots are two in number. They are

usually called in human anatomy the anterior and the posterior root,

but they are better called the ventral and the dorsal root—the distinc-

tion observed by mori)hologists in general. The degenerations result-

ing from section of these roots are as follows : When the posterior or

dorsal root is cut between the ganglion and the union with the ante-

rior or ventral root, the cut end next to the ganglion remains normal,

but the cut end away from the ganglion degenerates ; moreover, in

the nerve trunk formed by the union of these two roots is found a

large number of degenerated fibres, which may be traced as sensory

fibres to their arborizations in the skin. When the posterior or dor-

sal root is cut between the ganglion and the spinal cord, the cut end

next to the ganglion (just as in the preceding case) remains normal,

l)nt the cut end away from the ganglion degenerates and the degener-

ated fibres extend for some distance in the cord (posterior columns).

It is thus seen that the degeneration in the dorsal or sensory root

runs in one instance centrifugally and in the other centripetally, and
not, as was formerly claimed, always in the direction of its normal
Impulses— which is centripetal. But in either case mentioned the

degeneration is always in the filires whicli have been cut aivay from
the ganglion, the obvious reason for which is that the ganglion con-

tains the cell body of the neuron. When, on the other hand, the an-

I
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terior or ventral root is cut between the cord and the union of tlie

two roots, tlie cut end next to the cord remains normal, but the cut

end away from the cord degenerates; and, moreover, in the nerve

which is formed by these two. roots a large number of degenerated

fibres is found, and these can be proved to be motor fibres by the fact

that they are distributed to muscular fibres. In both the ventral and

dorsal roots, however, there are a few fibres that are an exception to

the rule. Thus if the dorsal root be cut between the ganglion and

the cord, a very few fibres are found not degenerated in the cut end

next to the cord. These are evidently efferent fibres running out by

the dorsal root from neurons whose cell bodies are probably located

in the anterior horns. Likewise, if the anterior or ventral root is cut,

while most of the fibres in the cut end away from the cord degenerate,

a very few fibres are foand not degenerated in this end; and these are

probably fibres which come from neurons in the ganglion on the dor-

sal root, and which, instead of proceeding down the nerve trunk, turn

at the union of the two roots and pass upwards to the ventral or ante-

rior root, thus endowing this root with its so-called " recurrent sensi-

bility." For it is found that the distal cut end of the ventral root

—

which is undoubtedly motor—has nevertheless a marked sensibility

when irritated, and this, of course, it can derive only from the poste-

rior or dorsal root (Foster).

With reference to their functions the roots of the spinal nerves

have been called respectively sensory (for the posterior or dorsal root)

and motor (for the anterior or ventral root). There are objections to

these terms, however, especially in the fact that all nerve fibres run-

ning out of the central nervous sj^stem are not necessarily motor, and

all fibres running into it are not sensory. For instance, some of the

former run into glandular tissues, and some of the latter are for

merely reflex arcs, and do not necessarily influence the sensorium.

Hence more satisfactory physiological terms are found in afferent for

the dorsal, and efferent for the ventral roots. These terms indicate

that in the former case the nerve fibres convey impulses into the cen-

tral nervous system, and in the latter that they convey impulses out

of this system. In the first case the impulses are centripetal, in the

second they are centrifugal.

Electrotonus.

The axis cylinder of a neuron, or the collection of axis cylinders

forming a nerve trunk, gives a series of definite responses to electric-

ity ; and this quality of responding to an electrical stimulus is called

the electrotonus of the nerve. This electrotonus is manifested by a va-

riety or a series of responses, according to the form or mode of elec-
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tricity wliicli is used, and these responses can be formulated uader a

set of laws.

Tlie responses are not the same for muscular tissue as for ner-

vous tissue— a distinction that must be carefully observed. In the

human bodj^ of course, it is not possible artificially to separate the

muscle from the nerve for purposes of experiment and study, and as

the irritability of the nerve is the direct cause of the response in the

muscle, the two are apt to be associated in mind as giving identical

responses. But the electrotonus of muscle, when entirely separated

from the nerve, is quite different from that of the nerve, and this fact

is demonstrated for us in the human body not infrequently by dis-

ease. Hence the electrotonus of the nerves is an important object of

study in many diseases of the peripheral nervous system.

To faradism the response is as follows : With one electrode on the

nerve trunk an active response occurs every time the current is hroken.

To prove that this response occurs only when the current is broken,

and not when it is made, it is only necessary to regulate the automatic

interruptor of the ordiuarj^ faradic battery, so that it acts very slowly,

or, better, to move it by the fijiger at stated intervals ; and it can then

be readily seen that the muscle does not react when the contact is

made, but only when it is broken. This is according to a law which

will be explained later. The response to faradism is quick and

strong, and this is its modal characteristic. If the interruptor is al-

lowed to vibrate rapidly, the muscle is thrown into a state of almost

tonic rigidity; it is "tetanized," as the expression is. In other

words, it does not become completely relaxed between each faradic

stimulation, and this is because the faradic shocks are in such rapid

sequence that the muscle has no time thus to relax. In this reaction

to faradism the muscle reacts only because stimulated through the

nerve ; in other words, muscular tissue by itself is not excitable by

the faradic current.

To galvanism the reactions of a nerve trunk follow a definite law.

It is customary' to study these reactions as they occur in motor

nerves, because these nerves excite visible responses in the muscles

to which they are distributed; hence these responses are easily stud-

ied. But it is important to bear in mind that the law of electro-

tonus is the same for both sensory and motor nerves, although not so

readily appreciated in the former as in the latter. When a motor

nerve is stimulated by electricity and a response is excited in the

muscle, the nerve is not acting as a mere conducting wire to the mus-

cle; in other words, the muscle in these circumstances is not re-

sponding to an electrical impulse which has been conveyed to it by

the nerve. On the contrary, it is not necessary that any of the elec-
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tricity should reacli the muscle ; the nerve responds by virtue of the

special power of the neurons to generate a nerve imimlse under ex-

citement, and it is this imi3ulse which excites the muscle. Hence the

farther from the muscle the nerve is stimulated, i.e., the nearer to its

cell bodies in the cord, the more active the response in the muscle,

which would not be the case if the response depended on transmitted

electricity along the nerve to the muscle (Bennett). Another proof

that in these circumstances it is not the muscle but the nerve which

is excited by the electricity, is the fact that wdien muscular tissue is

entirely separated from its nerves and directly stimulated with elec-

tricity, its responses are different in some important particulars from

those which it exhibits when its nerves are excited. Still another

proof is the fact that a muscle is especially excitable at the point

w^here the nerve enters it—its so-called motor point.

The character of the response to galvanism is sudden, tense, and

quick, just as it is to faradism. But these responses are due to al-

terations in the current strength ; without such alterations no response

occurs to galvanism. Thus after a current has started to run through

a motor nerve there is no continuous contracture of the muscle all the

while it is running; the muscle contracts only when an alteration in

current strength occurs. If this alteration is sudden and complete,

as when the current is made and broken, the contraction of the mus-

cles is prompt and conspicuous. The quick, prompt character of the

response to electricity is called, as above stated, the modal character-

istic. The responses to the alterations in current strength, i.e., to

the making and breaking of the current, are called the serial or quali-

tative responses, and these have also a definite character.

These serial responses follow the law of Pfluger. According to

this law an exposed nerve, as in a frog, responds to the negative pole

when the current is closed, and to the positive pole when the current is

opened. The negative pole increases excitability, the positive pole

diminishes it in the neuron.

In order to render this important physiological law still more

clear, it can be studied diagrammatically. Some confusion would be

avoided if the terms ascending and descending currents were abolished,

and if the action of the current were studied with reference to only

one electrode at a time. The diagram (Fig. 6) represents two

nerves, A and B, each with a muscle attached. In A the current from

a battery is applied with the anode near the end of the nerve and the

cathode near the muscle. If an irritating substance, as salt, be ap-

plied at E while the circuit is open, the muscle responds actively

;

but these responses become weaker or entirely disappear as soon as

the current is turned on. The explanation for this is that the posi-
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tive pole with its sedative influence puts the nerve in a state of low-

ered excitability at and near the irritated point, and consequently the

nerve cannot respond to an irritant; but as soon as the circuit is

opened once more, i.e., as soon as the sedative etfect is removed, the

muscle responds promptly. If, however, the irritation be made at

K', the response of the muscle is increased at the closure of the cir-

cuit, because at this end of the nerve the negative or stimulating pole

acts, and is not interfered with by the anode. In B the current is ap-

plied in an opposite direction. If the ir-

ritant, salt, be applied at r and a weak
current be turned on, the response to the

irritant is increased, because the irritant

acts in conjunction with the cathode or

stimulating pole, while the anode is too

weak to oppose an effectual barrier. But

with a strong current the result is dif-

ferent; the muscle does not respond, and

this is because the anode has now in-

creased in power sufficiently to deaden

the sensibility of the nerve and prevent

the passage of the impulse to the mus-

cle. Thus Pfliiger's law is simplified by

the statement that it depends upon the

sedative action of the anode and the stim-

ulating action of the cathode upon the

neuron, according as these are placed with

reference, in the motor nerves, to the nerve impulse and the muscle.

In order to test these responses in the human body it is necessary,

of course, to apply the electrode to the nerve through the skin. The
results are not exactly the same as when the naked nerve is experi-

mentally tested in the lower animals. Such exceptions as occur are

probably caused by diffusion of the current. But one electrode

should be applied over the nerve ; this is called the active electrode

;

the other, or indifferent electrode, may be placed on the sternum or

elsewhere on the surface at a point where it cannot influence the nerve

to be tested. The x>ositive pole is called the anode, the negative pole

the cathode. Under these conditions it is possible, of course, to stim-

ulate the nerve in four different ways, i.e., by closing the current or

by opening tlie current, with either the cathode or the anode on the

nerve. It is found on the human nerve that tlie cathode, at closure of

the current, is the most stimulating ; consequently with a very weak
current this may be the only response, and it will certainly be the

first in the series. It is called the cathodal closure contraction, or

Fig. 6.—Method of Testing the

Excitability in Electrotonus.

(After Landois and Stirling.)
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CCC The next in the series to excite a response is the anode, but

at the opening instead of the closing of the current; hence this is

called the anodal opening contraction, or AOC. The third in the se-

ries to excite a resj^onse, with a gradual increase of current strength,

is the anode at the closing of the circuit; hence anodal closure con-

traction, or ACC. The last, and usually only with a very strong and

painful current, is the cathode at the opening of the circuit ; hence

cathodal opening contraction, or COC. These may be called the

classical se7Hal or qualitative reactions of the neurons to electricity.

Most healthy nerves respond to a definite strength of current,

Fig. -Diagram Showing Diffusion of Current Leaving a Nerve.

although nerves in the human body differ among themselves as

to the required strength, probably because of jjhysical character-

istics, depth below the surface, etc. Within normal limits the nerve

is said to have a quantitative reaction ; but this may be increased or

diminished by disease. Why these variations occur—why, in other

words, the neuron responds with different degrees of vigor to these

variations in the application of the current—is a question which it is

not possible to answer. It acts so because of some inherent quality

in the cytoplasm, or some essential but obscure quality in the electric

current, with which we are not familiar.

In the human subject, however, with the current applied to the

nerve through the skin, the results are not always the same as those

just given; sometimes the anodal closure contraction—ACC—equals

if not even exceeds in force the anodal opening contraction—AOC.
The only reason we can give for this exception is that the diffusion of

the current through the nerve must in some way modify the results.

Thus according to De Watteville what seems to be an ACC is actually
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a CCC, the cathode acting at the closure of the circuit, but in the zone

of greater diffusion, and hence not exciting as strong a reaction as

when acting in a more concentrated form. This is illustrated in the

accompanying diagram (Fig. 7). Here the anode is applied over

the ulnar nerve. The anodal influence or zone is marked + . But

because of the diffusion of the current it escapes from the nerve in a

much wider zone, and this of course is cathodal, and is marked — .

Now when a contraction occurs at the closing of the circuit at this

pole, it is probably not an anodal but a cathodal effect, and thus the

law of Pfliiger is not invalidated, as it would seem to be at first sight

by the apparent reaction of the anode at the closure of the circuit.

If we suppose the current to be reversed, we see at once why it is so

difficult to obtain the COC. In this case the anode would be acting

in the zone of greater diffusion, and as the opening contraction really

depends upon it, this could be obtained only with a current of great

strength. In other respects the series is as in the exposed nerve ; the

cathodal closure is always the most exciting, and the cathodal open-

ing is the least so. A response to the latter, in fact, is so difficult to

obtain, and the procedure is so painful, that it can practically be put

out of count.

The formula for the normal reactions is usually stated thus

:

CCC > ACC > AOC > COC.

The sign > indicates that that reaction is greater towards which

the sign expands—thus the formula, CCC > AOC, indicates that

the cathodal closure contraction is greater than the anodal opening

contraction. If the two symbols are joined by the sign of equality

( = ), this indicates that these two reactions are equal in force. Thus

the formula AOC = ACC, indicates that the anodal opening contrac-

tion and the anodal closure contraction are equal, as is the case usu-

ally in the normal human nerve. Thus the formula for the normal

human nerve, as tested through the skin, is as follows

:

CCC > ACC - AOC > COC.

It has been stated that the reaction occurs only at the moment
when the current is either closed or opened, and not while the cur-

rent is running through the nerve. This is so, however, only within

certain limits; to very strong currents, running continuously, there

may be a continuous tetanic contraction, and this is called the dura-

tion tetany. Its symbol is DT (De Watteville).

The reactions thus far stated are those of the neurons ; the muscii-

lar responses are secondary and entirely subordinate to the excitation

of the nerves. But the muscular tissue has its own way of responding

to electricity. This can be tested when this tissue is apparently en-
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tirely cut off from nervous influence, as happens sometimes by the

action of certain drugs (curare), and, more important still, by the

action of certain diseases. These reactions, in brief, are as follows:

To faradism, the muscular fibre will not react at all. It seems that

this tissue is not sufficiently excitable to respond to the exceedingly

brief shock of the faradic contact. When a muscle seemingly reacts

to faradism, it does so in fact because it is still attached to living and
functionating neurons, and is receiving impulses from them and not

directly from the current. Hence the apparent muscular response

to faradism is always an important indication that the nervous tissue

is still healthy. To galvanism the muscular tissue, when freed en-

tirely from nervous influence and still healthy itself (?), responds at

first to even a milder current than does the neuron; in other words,

it is rather more excitable. This is called a quantitative increase. It

is especially notable if the shocks are slowly repeated, i.e., if the

quantity of electricity is augmented. Instead, however, of this re-

sponse being sudden and quick, it is distinctly slower and more slug-

gish than it is when the muscle is excited through the nerve. This is

called the modal plienomenon. It may even amount to a tetany (du-

ration tetany). The serial or qualitative reactions to galvanism are

the same in the muscle as they are in the neuron, as long as the mus-
cle is attached to the healthy nerve, but after it is separated these re-

actions change and constitute the "reactions of degeneration" (p. 74).

It must be held in mind, of course, that nerve and muscle are so

closely related that it is difficult to prove that the muscular tissue is

really healthy when cut off from its normal nervous connection. Thus
it may be a question whether the quantitative increase to galvanism

is not really due to irritation of the intermuscular nerve endings,

caused by degenerative changes in them. This will be discussed

again in relation to the reactions of degeneration, when the qualita-

tive changes also will be described.

Besides the variations and exceptions already noted in the law of

electrotonus of nerve and muscle, the following is of importance : To
obtain the AOC it is sometimes necessary to permit the current to

run for a certain appreciable time before breaking it. It seems nec-

essary to get the nerve thoroughly under the current's influence be-

fore it will respond to the stimulus at the breaking of the contact.

Again, after repeating this procedure a few times, the AOC gradu-

ally disappears ; the same is true of the COC. But this is not ob-

served of either the CCC or the ACC. These facts are explained by
referring again to Pfliiger's law of electrotonus of nerve. According

to this law the cathode excites the neuron, but the anode dulls it.

Hence the cathode causes a reaction at the closure of the current,
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while the anode can cause a reaction oiAy at the ojjening of the cur-

rent, because this opening of the current acts as a removal of a seda-

tive influence, which permits the neuron to regain its normal point of

excitability, and this is marked by a reaction. Consequently b}^ pro-

longing this sedative influence for a time the rebound of the neuron,

as it were, is more marked, but repetitions of this sedative action

seem to exhaust the neuron for the time.

Modes of Sensation.

A sensory neuron conducts at least three distinct kinds or modes

of sensation. These are, first, the tactile sense ; second, the tempera-

ture sense; and third, the jjain sense. Some authorities would add a

fourth, or muscular, sense; this, however, may not be a true sense,

but merel}^ an affection of the motor neuron itself, api)reciable by

consciousness.

In addition to these general or common modes of sensation, there

are also the special senses. For these latter senses certain neurons

have been set apart or differentiated to subserve a special purpose.

They are only sensitive each to a particular kind of impression ; for

instance, to the impression made respectively by light, sound, and

odorous and sapid substances. It is customary to divide sensation

into common and special ; but it is not easy to say exactly in what the

distinction consists. Common sensation, says Dana, is that which

is referred to the body itself, while special sensation is always re-

ferred to an object outside the body ; thus pain is a common sense,

but touch, like sight and hearing, is a special sense. But is this dis-

tinction radical? The painful prick of a pin is certainly referred to

its object. The truth is, the distinction is unimportant. The func-

tions of these special senses will be described more in detail when the

diseases of their nerves are described. To the biologist they present

important problems with reference to the evolution of their neurons

from the ordinary neurons of common sensation. For the present it is

sufficient to say that the}^ are esddently thoroughly differentiated, and

do not subserve any of the functions of ordinary or common sensation.

It is an interesting question why and how the same neuron ap-

Ijarently conducts the three modes—touch, pain, and temperature.

This problem is made more obscure by the undoubted fact that

some diseases (syringomyelia and some forms of neuritis) dissociate

these modes of sensation, abolishing one or two and not the other.

We are not exactly concerned here with the purely psychological

fiuestion of what constitutes pain.° We are considering now the sev-

eral modes of sensation, one of which is that state called physical
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pain. As there is no satisfactory evidence that there are separate

peripheral neurons, one for each distinct mode of sensation, we are

forced to the conclusion that each peripheral sensory neuron is en-

dowed with the faculty of conducting all these separate impulses.

There does not seem, from the physiological standpoint, to be any
difficulty in conceiving the neuron to be thus endowed ; the cytoj^lasm

in the motor neuron is well known to react to more than one kind of

irritant (electricity, acids, salt), therefore in the sensory neuron also

there may be the power of reacting to different kinds of stimulants.

Such are, at any rate, the plain physiological facts.

It is proper to state, oh the other hand, that some authorities

claim that the peripheral sensory neurons are differentiated for these

several functions. Thus Landois and Sterling' state that there are

two functionally different fibres—one for pain, the other for touch

—

but they give no proof for such a claim. Jakob says that it is not

determined whether different tracts for the various qualities are

present, but he assumes that it is probable. Goldscheider (quoted

by Landois and Sterling) goes even so far as to claim that there

are four special kinds of cutaneous nerves—one for heat, one for

cold, one for pressure, and, lastly, one for touch. It is notable that

those who claim the existence of such special nerves give no his-

tological evidence of them, and that they vary as much among them-
selves as do Landois and Sterling on the one hand, and Goldscheider

on the other. Ferrier has given in part a more rational explana-

tion; he says that the facts are more readily explainable on the

theory that there are differences in the peripheral organs and in

the receptivity of the nerves to various forms of external agencies.

He thinks that disease may so affect the common sensory paths as

to render them unable to convey one kind of impression while still

able to convey another. As to a difference in the end organs, here

assumed by Ferrier, it is sufficient to recall that these sensory end
organs are the arborizations of the neurons, and that there is no

evidence of any differentiation in them, at least in external form
As to his second theory, that nerves of common sense may also be

affected by various stimulants, as heat, pain, etc., this seems to be

the nearest in accord with histological facts. It is quite possible to.

conceive, as already said, that the peripheral sensory neuron is able

to respond to various stimulants and to conduct a variety of impulses

(as touch, temperature, and pain), and that in some pathological

conditions one or other of these powers may be abolished. As
Ferrier says, we cannot even profitably speculate as yet upon the

possible changes in the molecular condition of the axis cylinder upon
which such differences may depend.
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The tactile sense is not distributed equally to all parts of the skin.

It is more acute in some regions, as the tip of the tongue, the tips of

the fingers, the palms, the face, etc. It is least marked in the back.

It is entirely absent from the viscera, according to the few accurate

observations that have been made by means of fistulse, etc., but these

observations require to be confirmed so far as the mucous membranes

are concerned. The tactile sense is excited only through the end or-

gan, according to Landois and Sterling ; but this statement is not in

strict accord with observations made on amputated limbs. In such

cases there is usually a phantom limb, in which subjective sensations

of touch, as well as pain and muscular sense, exist and are referred

to the periplier}^ Still it is true that ordinary irritation of a nerve

trunk does not excite tactile sensations referable to the periphery.

Too strong stimulants of any kind applied to the periphery no

longer cause simple tactile sensations, but excite pain; in this in-

stance, the one mode of sensation apparently passes into the other.

When x)ain is once established, the tactile sensation is no longer ap-

preciated as such. This seems to be a proof that these two modes of

sensation are only variations in the reaction of one and the same kind

of neurons.

Tactile impressions may be both enumerated and located within

certain limits by the mind. Both acts, enumeration and localization,

are probably purely mental acts, and therefore not modifications of

the sensory act proper.

By the act of localization the mind tells what part is touched, i.e.,

what grouj) of neurons is affected. This, as already said, is appar-

ently a pure act of f)erception, hence an act of the brain, and not

properly an act of the j)eripheral sensory neurons themselves. It

may be disturbed, however, by disease of the iieripheral nervous sys-

tem ; this is evidently because, in such an instance, the disease inter-

feres with the conduction of impressions to the brain or conducts

altered or abnormal impressions ; hence the mind, receiving either no

impressions or only abnormal ones, is not able to conclude properly

as to location. It fails simply because it has not its proper stimulus.

This is proved still further by that singular paradoxical action of the

mind in which it mistakes entirely the j^art touched, and may even

locate it on the opposite side. This, however, is not usually due to

])erij)lieral disease. According to Landois and Sterling, the sense of

locality (or perception, more properly) is more acute the greater the

number of tactile nerves in the part; the greater the mobility of the

l)art, as in the fingers and toes ; and in the transverse than in the long

axis of a limb. When two points are used, tliey may be distinguished

at shorter distances apart if they are applied one after the other, in-
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stead of simultaneously; if they are either considerably warmer or

colder than the skin; if the points are gradually approximated instead

of gradually separated ; and if one point is cold and the other hot (al-

though this latter test does not distinguish distance so well) . Exer-

cise and a moist skin improve this power of localization, evidently by
making the arborizations of the neurons more accessible through the

skin; and, for an opposite reason, ischsemia of a part, as that induced

by holding the hand aloft, decreases this ]»ower.

Weber measured accurately in millimetres the smallest space at

which the two separate points of an sesthesiometer can be distin-

guished in different regions of the body. His table, as given by Ja-

kob, is as follows

:

Millimetres.

Tip of tongue 1.

Finger tips 2.

Lip 4.

Tip of nose 6.5

Cheek 11.

Forehead 30.

Chest 44.

Middle of back 65.

Millimetres.

Buttocks
, 39.

Upper arm 65.

Forearm 39.

Hand
volar side 11.

dorsal side 28.

Thigh 39.

Leg or toes 11.

This table, it is more than probable, is not absolutely fixed. The
power of individuals no doubt differs, both in the same individual at

different times, and among individuals. Weber's table is accepted

and extensively quoted, and no one seems to stop to question its ac-

curacy ; but according to my own observations it is far from accurate,

especially in the great distance it gives for some parts of the body.

Most persons by whom I have tested it have been able to distinguish

points much nearer together than indicated in the table. It seems

true, however, that the m-der of sensibility of parts, beginning with

the tongue, as published by Weber, is in the main correct.

The temperature sense, like the tactile sense, varies for different

regions of the body. Weber found it less acute on the median line

than on either side. The regions of the surface vary in their sensi-

bility to temperature in the following order: tip of the tongue, eye-

lids, cheeks, lips, neck, and body. This sense is more acute in a

large than in a small area. Extreme cold (ice) is more readily mis-

taken for heat than vice versa, but this perhaps only in pathological

states. Differences in temperature of very slight degree are more

readily appreciated in objects of median temperature (27°-35° C).

Above and below these points temperature gradually grows uncom-

fortable and merges into pain. This transfer of temperature sense

into pain sense is similar to what occurs in the case of tactile sense,
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as already noted, and seems to be a further proof that pain sense is

only a modification or intensification of one or other of these modes of

sensation. According to Goldscheider, two objects, as cylinders, are

recognized at much smaller distances apart when they are either hot

or cold than when at the ordinary temperature. It is noteworth}^

that the temperature sense and pain sense are not infrequently abol-

ished together, while the tactile sense remains, as in syringomyelia.

If these two senses are but modifications of common tactile sensibil-

ity, it seems probable that disease may affect or enfeeble the neuron

so as to abolish its power of reacting to heat and pain, without abol-

ishing its power to conduct tactile impulses.

The^jrn'u sense is always displayed b^^ the sensory neuron when
the stimulating action of an irritant applied to it passes certain lim-

its. Hence any and every form of irritant can become the cause of

pain—common tactile sense and temperature sense both passing into

pain sense by insensible gradation. What the exact limits are be-

tween the other modes of sense and the sense of pain is an obscure

question, and the molecular changes in the cj- toplasm underlying this

transition are totally unknown. It is significant, however, that pain

usurps, as it were, the place of the others. This seems to be a proof

that pain is only a mode of reaction of the sensory neuron to any

form of extreme irritation, and that this mode of reaction is a com-

mon function of all sensory neurons, and not special to a few.

Pain is referred to the peri pherj^ when the nerve trunk is irritated

in Sinj part of its course. In this respect it differs from tactile sense.

This difference is curiously shown in some cases of irritative lesions

which abolish sensation in the distribution of the affected nerve ; the

sense of pain, excited by the lesion, is referred to the anaesthetic

area, so that the patient feels pain in the region in which, to use a

paradox, he feels nothing. This is ancesthesia dolorosa.

The mind has not always the power accurately to localize pain,

especially when this occurs in the interior of the bod3^ As this power

to locate pain, just as the power to locate tactile impacts, is a psychic

act, the difiicultjr of locating pain in the interior of the body is prob-

ably due to the fact that in health the brain receives very few sensa-

tions from these regions ; hence it is not trained to observe and locate

them. The difficulty of locating pain on and just beneath the surface,

and in the limbs generally, is not so marked. When this difficulty

occurs in these regions it seems to be in cases of irritation of the

nerve trunks rather than of the nerve endings ; and may be due to the

fact that, first, the lesion is rather subacute ; and second, that it may
involve more than one trunk, and therefore causes irradiation of pain.

Irradiation of pain may also be due in part to a confusion of the
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psychic act—the inability of the mind accurately to locate the point

of greatest irritation.

When we come to consider certain pathological questions, it will

be found that the supreme difl&culty in the way of a clear understand-

ing of the paths of sensory conduction in the periphery and cord lies

in the fact that disease occasionally dissociates the modes of sensa-

tion, abolishing one or some and sjoaring the other or others. AVhile

on the face of it this fact appears to point to the conclusion that

these various modes—touch, temperature, and pain—are conducted

by separate neurons, and while this conclusion appears to be accejjted

by many neurologists and neuropathologists, still this theory cannot

be said to rest upon secure grounds. Histology does not supi)ort it,

because, so far as form and terminal arborizations are concerned,

there is no differentiation in the sensory neurons. On the other

hand, it is quite conceivable that the sensory neuron is excitable by

more than one form or mode of stimulant ; and that the " dissocia-

tion symptom" may be caused by changes that simply abolish the

function of the neuron in part instead of in whole.

As we have seen, some parts are more sensitive than others. This

is probably because their nerve supx)ly is richer and their arboriza-

tions are more numerous than in less sensitive parts. The same may
be said with respect to pain. Certain observers claim that some nerves

are more sensitive to pain than others, as the fifth nerve, for instance.

While this cannot be denied or positively asserted, it is at least pos-

sible that the especial sensitiveness, as in the eye, may be due to some
peculiarity in the distribution of the ends of the neurons.

The muscular sense is the notice which the mind receives of the

state of the muscles—their tonicity, contracture, i)osition, and the de-

gree of resistance offered to them. Its exact nature is still the sub-

ject of some speculation. It is usually supposed to depend on the

sensory neurons. That it is in anj^ way dependent on the motor neu-

rons themselves is not usually even considered, but the possibility

of this dependence is not to be ignored. In hemiplegia it is certain

that the muscular sense may be affected in some degree, although

sensation is not involved.

There are a number of modifications of common sensation, such

as hunger, thirst, fatigue, repose, well-being, malaise, and sexual

erethism. None of these is dignified as a special sense, and yet they

are all specialized to some extent. Certainly they cannot be confused,

the one with the other, nor any one of them with any special sense.

Vol. XI.—

3
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The Reflexes.

An important function of the cerebrospinal nerves (the peripheral

sensory and motor neurons) is the conduction of the reflexes. It is

customar}^ to speak of these as spinal, but they are properly the func-

tion of the peripheral neurons, and have only a portion of their course

in the spinal cord.

If a sensory nerve ending be irritated, an impulse is conveyed

along its axis cylinder, through the spinal ganglion which holds

the cell body, into the cord. Here it may take especially one of two

courses : one of these leads upwards to the brain, affecting conscious-

ness; the other, by another branch, passes across the cord, and, by

way of its arborizations, stimulates the body of a peripheral mo-

tor neuron in the anterior horn. An impulse then passes along this

motor neuron and excites a contraction in the muscle to which it is

attached. This constitutes a simple reflex act, and hay properly but

two divisions, not three, as usually described; these are an afferent

impulse and an efferent impulse. There is no so-called " reflex arc"

in the spinal cord, constituting a third division, interjjosed between

the efferent and afferent paths. Our more precise knowledge of the

neuron has eliminated such an hypothetical centre. The sensory or

afferent imi)ulse may radiate more widely in some instances than in

others, and hence excite a reaction in a larger number of motor neu-

rons ; thus the extent of the reflex action may vary at times, accord-

ing to circumstances. This is all that can be meant by speaking of a

"centre" or "arc" for a reflex action.

The reflexes are not under the control of the will, except it may be

in very slight degree. Most of them, however, are within the sphere

of consciousness. The exceptions to this rule (in the iris and ciliary

body) will be noted in their proper places.

While not under the control of the will to any great extent, the re-

flexes may be influenced in a variety of ways. This is so especially of

the deep or tendon reflexes. They are subject, for instance, to " rein-

forcement" (Fig. 8) . Jendrassik showed that if a person made a strong

voluntary movement just at the moment when the reflex was elicited,

this latter was increased in force. This voluntary movement may be

made by tightly clasi)ing the hands together, or b}^ clinching the

teeth. Weir Mitchell and M. J. Lewis sliowed that this reinforce-

ment lasts for an appreciable time after the voluntary movement has

ceased; and again, that continued reinforcement graduall}'' exhausts

or enfeebles the reflex. Tliese observers have also shown tliat sen-

sory stimulation also increases or reinforces the deep reflexes; thus
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if, at the moment of tapping the tendon, a piece of ice or a heated

object be applied to the skin, or if the skin be pinched or a hair

pulled on any part of the body, the reflex is increased. Faradism

applied to the skin, and galvanism passed through the head act in the

same way to increase the reflexes. Lombard " demonstrated bj' ex-

periment that the emotions may increase the force of the tendon

reflexes. Such emotions are fear, ai)prehension, shame, etc. This

phenomenon is seen especially well in some hysterical cases.

The reflexes are numerous and distributed widely through the

body. The more i)rominent and easily recognized have received

names, but many nameless reflexes doubtless exist ; and it is best that

they should continue nameless. It is possible, in fact, that every

sensory neuron contributes to a reflex act, although some of these

may be so slight as to be recognized with difiiculty. Two kinds of

reflexes are noted especially—the superficial and the deep.

The superficial reflexes are such as are excited by slightly irritat-

ing the endings of the sensory neurons. The impulse is carried, as

already explained, to the body of the motor neuron in the anterior

horn and thence reflected along its axis cylinder to the muscle. The
irritant may be the prick of a pin, or even in some cases such a slight

stimulant as brushing the skin with a feather or with the tip of the

finger or of a pencil. The muscle that responds is usually one in the

immediate neighborhood, as just beneath the skin of the point irri-

tated.

The following are the commonest and best-known superficial

reflexes

:

The reflex of the iris to light. This will be explained and its clin-

ical significance pointed out under the heading of diseases of the

orbital nerves. It is, of course, not an ordinary skin refiex, but a

highly specialized one, and is excited by but one kind of stimulant,

light.

The reflex of the dilator muscle of the iris to irritation of the skin

of the neck or cheek. The path of this reflex is probably through

the sympathetic system, which presides over the dilatation of the

pupil. According to Landois and Sterling, dilatation of the pupil is

also caused by severe pain, as of torture or parturition, a loud call

in the ear, and stimulation of the nerves of the sexual organs. It

may be doubted, however, whether all of these are examples of true

reflex action. These authorities state that the presence of dilator

fibres of the iris is even denied by some observers. This particular

question of reflex dilatation of the pupil is still an obscure and vexed

one. The observed facts, however, are as given.

The conjunctival reflex. This consists in a violent and involun-
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tary closure of tlie eyelids upon irritation of the exceedingly sensitive

nerve endings in the conjunctiva by any foreign body. It persists

even in some states of unconsciousness. Its afferent path is along

the branch of the fifth nerve that supplies the conjunctivae. Its effer-

ent or motor path is along the branch of the seventh nerve, that pre-

sides over the closure of the lid (the orbicularis palpebrarum) . It may
consequently be abolished or impaired in certain diseases of these

nerves, as in Bell's parahsis of the seventh nerve and in nuclear pa-

ralysis of the fifth.

The epigastric reflex is caused by irritation of the skin over the

lower part of the side of the thorax, and is shown by a contraction of

the upper ends of the recti muscles especially, and of contiguous

muscular fibres in the epigastrium.

Very similar reflexes on the trunk are obtained by irritating the

skin along the edges of the erector spinae muscle and over the scap-

ulae, the muscles contracting being those beneath the skin in these

neighborhoods respectively.

The cremasteric reflex is an especially characteristic one. It con-

sists in an active retraction of the testicle, due to the action of the

cremaster muscle ; and is caused by irritation, as brisk rubbing with

the finger nail, of the skin on the inner and upper aspect of the thigh.

The plantar reflex is excited by an irritant applied to the sole of

the foot. It consists in a movement of withdrawal of the foot, by

bending the knee and hip, and has much the appearance of a volun-

tary movement. It is best seen when exaggerated in some diseases,

especially in apoiilectic states ; at such times its involuntary charac-

ter can easily be determined.

The deep reflexes are those that are excited by tapi^ing the tendon

of a muscle. In order to obtain this reflex it is usually necessary to

put the tendon slightly on the stretch. When the tendon is then

tapped smartly with the finger ends or any small object acting as a

hammer, the muscle contracts promptly and sometimes with consid-

erable force.

The deej) reflexes have been the subject of much speculation and

some controversy. It has usually been assumed that they are true

reflexes, i.e., that an imjjulse is excited b}' the taj) on the tendon,

and that this impulse travels up to the spinal cord, whence it is re-

flected to the muscle, which resjionds by a vigorous contraction. If

this is so, the deep reflexes are explainable just as the superficial re-

flexes are, i.e., by the mutual action of a peripheral sensory and a

peripheral motor neuron. The chief grounds for believing that the

deep or tendon reflexes are genuine are, first, that section of the mo-
tor nerve in the rabbit abolishes the patellar reflex (Schultz), and so
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does section of the cord opposite the fifth and sixth lumbar vertebrae

(Tschirjew, quoted by Landois and Sterling') ; and second, that dis-

eases which abolish the function of either the sensory or motor neu-

ron abolish the deep reflexes. Such diseases especially are locomo-

tor ataxia and multiple neuritis. On the other hand, the reaction

time for some of the deep reflexes (as the knee jerk) appears to some
I)hysiologists to be too limited to allow an impulse to pass first to

and then from the cord. Waller found that this time in the case of

the knee jerk was but 0.03 second; Eulenburg measured it at 0.032.

Those who contend against the tendon reflexes being spinal in origin,

claim that they depend upon the natural tonus of the muscle ; that

this tonus is slightly excited or increased by the tendon being put

upon the stretch, and that when this excitement is still more increased

by the tap upon the tendon, the muscle responds by virtue of its own
inherent tonus. According to this view, the phenomenon is only sec-

ondarily dependent ujjon the nervous system, inasmuch as the tonus

of the muscle is maintained by the nerve influence. This fact, there-

fore, accounts for the influence of nervous diseases upon the tendon

reflexes ; when they lower the nutrition of the muscle, then the deep
reflexes are weakened or abolished ; but when they increase this tonus,

then these reflexes are correspondingly increased. Whichever view

of the origin of the reflexes be correct (and the one that holds the

tendon reflexes to be of nervous origin appears the better founded),

the clinical significance of these phenomena is the same ; hence they

must be thoroughly understood.

Although, as already said, the will has but little control over the

deep reflexes, yet the cerebral centres in some way exercise appar-

ently an unconscious inhibitory effect upon them. This is shown
from a variety of facts. If, for instance, the cerebrum be cut off from
the spinal cord by any lesion, which does not act too suddenly at

first, the deep reflexes are increased. This is seen constantly in such

diseases of the central nervous system as gradually break up the

motor paths which run from the cerebral cortex downwards to the

various levels of the cord. Such diseases are hemorrhage into the

internal capsule, myelitis, especially when transverse and of limited

extent, and syringomyelia. Whether this increase is to be consid-

ered as due to the release of the spinal apparatus (sensory and motor

neurons) from an inhibitory influence of the brain, or whether it is

due to increased excitability of these neurons due to some irritative

influence exerted upon them by the lesion from above, are debatable

points. If there is a true inhibition, it is not probable that this

flows from any " inhibitory centre" in the brain—as, for instance, the
" centre" described as Setschenow's, which required such an exten-
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sive mutilation for its demonstratiou that its existence maj'' well be

considered as yet problematical; but that it is rather due, as Brun-

ton explains, to a wave-like action of nerve impulses, constantly flow-

ing and common to all neurons. It seems improbable that the

increase can be due exclusively to irritation caused by the lesion

above. The central motor neuron, for instance, must undergo com-

plete degeneration in its distal end in long-standing lesions, and be

incapable of conducting any irritative impulses below the lesion.

Inhibition of the reflexes, both superficial and deep, is partially

and only for a limited time under the control of the will. The influ-

ence of the will upon the reflexes, in fact, is entirely by inhibition,

as it has no power to increase them. The will, for instance, can mo-
mentarily inhibit the conjunctival reflex, but if the irritation be

continued the reflex occurs in si)ite of the will. Yet this action of

the will in this case is not truly so much an act of inhibition as it is

an opposing of a countermuscular action—for instance, the action of

the levator and other fibres that serve to open the eyelids. We may
gather a hint from this that perhaps all inhibition is merely an

equalizing, as it were, of the balance of power in the peripheral

motor neurons (motor cells in the anterior horns of the spinal cord),

and that when this influence is withdrawn the motor neurons in some
way act erratically and some in excess of others.

Inhibition, again, may be caused by exciting powerfully a sen-

sory nerve. As already stated, stimulation of the sensory nerves,

by ice, etc., increases the deep reflexes, according to Weir Mitchell

and Lewis ; but, according to other observers, very strong stimulation

(pain) may diminish the reflexes, especially the sui)erficial ones

(Goltz and others).

Finally, inhibition of the spinal reflexes may be caused by a total

transverse lesion of the motor path in the brain or cord, occurring

suddenly. In other words, a lesion which cuts off the brain influence

with the symptoms of shock acts almost invariably as an inhibitory

influence. This is a common clinical observation, although from the

pure physiological standpoint it is difficult to explain it. Such
lesions as hemorrhage in the internal capsule, and hemorrhages into

the cord, or crushing of the cord accompanying fracture of the spine,

are usually ff)llowed by abolition of the reflexes. In the former case

the abolition is usually only on the paralyzed side ; and in both and
all cases, if the patient survive, the reflexes usually return and grad-

ually become exaggerated. Bastian recently called renev/ed attention

to the fact that total transverse lesions of the cord, even far above the

seat of the reflexes in the lumbar region, abolish these reflexes.

Bruns has also reported a case. I have also recently seen a case of
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comminuted fracture of the sixth cervical vertebra, with extensive

destruction of the cervical cord, in which the patellar reflexes were

abolished. This case is reported and illustrated in my chapter on

Fig. 8.—Getting the Knee Jerk by Re-enforcement. (Dana.

)

fractures of the spine, etc., in the "American Text-book of Nervous

Diseases," edited by Dercum.

From all these considerations it is seen that there are a few well-
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establislied facts about tlie reflexes and about their iuliibition and

exaggeration, but that no theor^^ as yet is quite satisfactory to explain

these varying modes.

The principal deep or tendon reflexes are as follows

:

The patellar reflex or knee jerk. This is the familiar phenome-

non seen on striking or tapping the tendon of the patella while it is

kept slightly stretched. When this is done the quadriceps extensor

muscle contracts promptly' and with considerable vigor, and throws

the foot and leg forward iu the motion of kicking. To secure this

reflex satisfactorily for accurate observation, the i)atient should be

blindfolded and seated on a chair with one leg crossed over the other;

or, if the patient is very stout and short-legged, the leg maj^ be sup-

ported by the hand and wrist of the observer, passed under the knee

and braced upon the patient's other leg; or, best plan of all, the

patient may be made to sit upon the edge of a table or edge of a hard

bed, with his feet not touching the floor. The tendon is then tapped,

and the extent of excursion of the foot is noted. Reinforcement

may be used if desired (Fig. 8), and a gauge to measure the range

of the foot has even been invented. This instrument, of which there

are several varieties, seems to be demanded by an excessive zeal for

refinement and precision. The best is probably Lombard's." The
knee jerk is not the same in all persons ; it varies widely within the

limits of health, and is occasionally even entirely absent in persons

apparently perfectly well. Beyond a certain limit, which, however,

it is difiicult to fix arbitrarily, its exaggeration is always i^athological.

Next in importance is the ankle clonus. This consists in a series

of clonic contractions in the sural muscles attached to the tendo

Achillis, and is excited hy putting this tendon suddenly on the

stretch. This is done by taking the end of the patient's foot (toes

and l)all of the foot) in one hand, while the leg is supported by plac-

ing the other hand under the calf or ankle (Fig. 9). The foot is then

suddenly flexed upon the leg (physiologically extended), the tendon

being thus suddenly stretched. The reaction then occurs, the end

of the foot (still held in the observer's hand and used as a guide for

observation) being jerked in a clonic and rhythmic manner. The ex-

cursion, rate, and duration of these clonic movements vary widely,

according to case and circumstances. In some cases they are ob-

tained with difficulty ; in others ihej occur with greatest readiness,

and the rate is rapid and the durati(Hi almost as long as the foot is

held i^ the hand in such a position as slightly to stretch the tendon.

Ankle clonus, unlike the knee jerk, is very rarely observed in health,

although the statement that it is never thus observed is perhaps too

absolute.
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The elbow jerk is excited by putting the teudou of the triceps

muscle on the stretch and tapping it. This causes a brisk movement

of extension of the arm. This reflex is not quite so conspicuous or

so readily obtained in health as is the knee jerk.

The wrist jerk consists in a movement of extension of the hand at

the wrist when the tendons of the extensor muscles are tapped, while

they are put on the stretch by allowing the hand to drop at the wrist

(in the position of lead palsy). The middle finger usually reacts

Fig. 9.—Mode of Eliciting Ankle Clonus. (Dana.

)

more vigorously than do the others. This reflex is not often obtain-

able in health.

The jaw jerk or chin jerk consists in a slight reflex action in the

masseter muscles when the lower jaw is allowed to hang sufficiently

to put the tendons of these muscles on the stretch, and the chin is

then smartly tapped. It is not seen in health and is difficult to

obtain even in disease.

In cases of some diseases all the deep reflexes of the body

are easily excited, so that it is possible to obtain many others than

those here mentioned. In fact, a reflex can then be obtained in

almost any large muscle by putting its tendon on the stretch and tap-

ping it.

The " paradoxical reflex" is in a sense the reverse of the ordinary

tendon reflex. It is caused by suddenly shortening the tendon. It

is seen sometimes in the anterior tibial muscle, when the muscle is



42 LLOYD—CEEEBBOSPINAL AND SYMPATHETIC NERVES.

suddeulv relaxed by flexing (physiologically extending) the foot upon

the leg. It is always pathological, and is rare.

The laws of the order of occurrence of reflex action, as stated by

Pfliiger, are as follows: 1, The reflex occurs on the same side as that

on which the irritant is applied, and in muscles whose motor nerves

arise from the same segment of the cord; 2. If the reflex occurs on

the other side, only the corresponding muscles contract; 3. If the

reflexes are unequal on the two sides, then the stronger are on the

side of the irritation ; 4. If the reflexes extend to other segments,

the direction of the extension is towards the oblongata; 5. Finally,

all the muscles of the body may give reflexes.

'

GENERAL PATHOLOGY.

As already explained, when an axis cylinder or any portion of the

neuron becomes separated from that part of the cell body that con-

tains the nucleus, it undergoes a process of gradual degeneration and

ultimately dies. There is apparently every evidence that this is a

universal law ; in other words, that the separated part, say axis cyl-

inder, has no power of maintaining its nutrition permanently by

absorbing plasma from the surrounding tisssues in which it lies.

This degeneration and death are a comparatively rapid process,

leading to a complete destruction and disappearance of the axis

cylinder. In spite of this fact, however, the nerve often retains a

power of regeneration for quite a long period, and these two processes

of degeneration and regeneration, with their histological appear-

ances, must be clearly understood.

It is positively known that this process of degeneration begins

promptly when by any influence the axis cylinder is separated from

its centre. The process by which it is thus separated may be either

by trauma, as wounding, bruising, or cutting, or by disease, espe-

cially inflammation and pressure.

As the whole panorama of changes is best and most completely

shown after section of the nerve, this immediate description will refer

to the changes that are thus produced. Waller, about 1862, demon-

strated that this degeneration followed a fixed course in both the

anterior and i)osterior spinal nerve roots ; and this is because, as has

been already explained, the portion of the neuron cut off from its

nutritive centre, the nucleus, is that portion that degenerates. This

is the basis of the Wallerian law. It is unimportant in what direc-

tion the neuron normally conveys its impulses—it always degenerates

in the direction mcay from its cell body. Thus in the ordinary

mixed nen^e, containing both sensory and motor fibres, which of
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course convey impulses normally in opi^osite directions, the degener-

ation is always in the peripheral portion for both sets of fibres if the

nerve has been cut below the junction of the two roots. This is for

the obvious reason that in such a case both the efferent and afferent

fibres are cut off from their cell bodies. In such a section of a nerve,

it is customary to speak of the central end as the proximal, and of the

peripheral end as the distal end.

When a nerve is cut, i.e., when an axis cylinder is severed from
the body of the neuron, the following changes occur : According to

Eanvier, the nucleus of the sheath of Schwan is the first to show a

change. It swells, and the accumulation of protoplasm at this point

makes pressure upon the medullary sheath and the axis cylinder

within. This swelling occurs, of course, in each of Eanvier's nodes.

It soon causes a complete division of the axis cylinder in each of

these nodes. The myelin at the same time begins to break up and to

form small masses or drops. The sheath grows and its nuclei increase

in number. The myelin is still further reduced in amount, probably

by absorption. The fragments of axis cylinders shrivel up, and,

according to Bowlby,'" disappear or are difficult to recognize in the

course of a short time. Fatty degeneration of some of the adventi-

tious material (nuclei and sheath of Schwann) occurs, and in the d&ris

white cells are found, probably acting as scavengers to carry off the

products of waste.

According to Mitchell," this process of degeneration begins in the

whole of the severed portion of the nerve at the same time, and not,

as some have described, at the distal cut end first, then gradually

extending from node to node towards the periphery. The same
author describes the segmentation of the medullary substance and
its final disappearance.

Seegard (quoted by Bowlby) severed the axis cylinder and medul-

lary sheaths by ligating the nerve and quickly removing the ligature.

By this jjrocess he claimed that the sheath of Schwann was not severed

(a doubtful claim). He found practically the same changes that have

been described by others. The axis cylinders broke up in places and

finally disappeared; the medullary substance ran together in small

masses ; the nuclei in the sheaths enlarged and segmented, and this

process of degeneration attacked the whole of the severed portion of

the nerve at once.

The time involved in these changes has been carefully noted, and

the knowledge on this point is of great clinical importance. Ranvier

said that the initial changes (the swelling of the nuclei in the sheath)

began within twenty-four hours; hence it is probable, if they are

visible within such a short period, that they begin as soon as the
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section is made. By the third da,j there is complete breaking up of

the axis cylinder in each node. This, of course, is both physiologi-

callj and clinically the most important event in the series. It is the

destruction of the essential part of the nerve fibre—the continuation,

that is, of the neuron. It is to be noted that this occurs at an early

stage of the degenerative process. By the twentieth day the degen-

erative process appears to be complete. In a human nerve examined

by Bowlby on the fifteenth day after division, there were found the

same breaking up of the myelin and segmentation of the nuclei, while

the axis cylinders were so changed that it was difficult to recognize

them. It was thought that fragments of them were present, but at any

rate the important fact is that even at this comparatively early day

they were practically so broken up as to be recognizable only with

difficult3^ In a second case examined on the thirtieth day after sec-

tion, there remained but a few drops of myelin, the axis cylinders

were gone, and the nuclei of the sheath were again about normal.

From these observations it appears that, in total section of the nerve,

the destruction and disappearance of the axis cylinder is one of the

earliest results.

From these observations upon sectioned nerves it is not permissi-

ble, of course, to draw identical conclusions as to nerves which suffer

from other lesions ; some qualifications must be made. Thus it is

not possible to say in case of localized inflammation, or gradually

increasing pressure, or injury from bruising or other wounding, that

the changes will always be so prompt and complete as after section.

It is certain, however, that the changes are the same in kind, but

only differ in degree and in time from those already described. It is

especially important in the clinic that this distinction be observed,

because the degenerative changes taking j)lace in nerves after disease

and even after trauma are not always so rapid and unmistakable as

those just described as due to complete section. This, of course, is

easily understood when the difference in degree of severity and com-

i:)leteness of the several lesions is considered.

It is necessary to consider esi)ecially the effects of pressure. This

condition may be caused by trauma, by inflammation, or by a new
growth. Of course, it is not always or often possible to examine a

compressed nerve, because the conditions causing it are usually not

permanent. When they are permanent or last a long time, the injury

to the nerve also becomes permanent; that is, its axis cylinder

becomes divided and the peripheral portion undergoes degeneration,

just as from any other grave destructive lesion. In the instances,

however, in which pressure is only temporary, the consequent effects

also are l)ut temporary ; but yet these effects are sufficiently impor-
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tant to be noted. Waller, Bastian, and Vulpian experimented on

nerves and found that pressure caused a definite train of symptoms

—

formication, sense of warmth, hyperaesthesia followed by anaesthesia,

cramps, palsy. These symptoms observe definite stages, somewhat in

the order here given, and disappear also by stages after the pressure

is removed."" Weir Mitchell also experimented on nerves, causing

pressure with a tube of glass containing mercury on the sciatic nerve

of a rabbit. He found that the power of the nerve to transmit im-

pulses, when excited by the galvanic current, was gradually abolished.

The power gradually returned after the pressure was removed. His

conclusion was that the pressure caused mechanical disturbance of

the tubal contents ; and this conclusion is no doubt the correct one.

His examination of the nerve confirmed this conclusion; there was

evidence of congestion and disturbance of the contents of the nerve

tubes. It is readily conceivable that the delicate cytojjlasm of the

axis cylinder is thus not destroyed, but merely mechanically com-

pressed and displaced, and that when the pressure is removed it re-

sumes its normal form and constitution. In long-continued and

severe pressure there is probably, as already said, a total disruption

of the axis cylinder ; in other words, a permanent lesion is produced,

just as by section, and then the distal portion of the axis cylinder

degenerates.

In hridsing and contusion of nerves there is probably a variety

of lesions. Some axis cylinders are probably completely divided;

others again are practically in the condition caused by temporary

pressure, just described. As repair takes place, pressure may also

be exerted by proliferating connective tissue, or even by true inflam-

mation, provided the bruised tissues become the seat of infection.

Hence in cases of bruising and contusion the symptoms vary accord-

ing to the extent and severity of the injury. There may be only

temporary abolition of function, or there may be secondary degener-

ation. Thus in the same nerve some axis cylinders may soon recover

completely, while others may for a long time continue degenerated.

Closely allied to the subject of degeneration is that of regeneration

of the divided nerve. Unfortunately much obscurity hangs over this

subject, especially because former investigators were not familiar

with the neuron as we now understand it. Among these investigators

were Tent, Hjelt, Neumann, Ranvier, and Bowlby. The value to be

attached to their conclusions may be judged from the fact that all of

them, except Ranvier, described the regeneration as taking place

by the formation of the new axis cylinder from the nuclei of the

sheath of Schwann ; and Bowlby even maintains that this regeneration

can take place in the divided nerve without union with the proxi-
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mal end, and after the first complete degeneration of this axis cylin-

der already described. Bowlby, in his valuable treatise, maintains

this ^dew at considerable length, and even gives an illustration of a

longitudinal section of a divided nerve, intended to show the alleged

early formation of new nerve fibres from the nuclei of the sheath.

The illustration, however, does not show this satisfactorily to criti-

cal inspection. If, as Bowlby claims, he found nerve fibres in the

distal portion of divided nerves as late as seven and nine months

after division, the only conclusion can be that they were preserved

intact from the time of section—in other words, that they did not

degenerate after section. This is highly incredible. As Bowlby

himself acknowledges that similar changes have not been noted by
others, it is evident that his observation cannot be accepted as con-

clusive. It is very evident from our knowledge of the neuron, which

we have already described as a complete and individual organism

without continuity of structure with any other tissue or substance,

that such a process cannot be well conceived. We must apparently

wait for new light on the subject from investigators who are familiar

with the methods of the new histology. Of those quoted above, Ran-

vier alone has j)robably indicated the true process. He states that

regeneration takes place only after union of the divided ends, and

then b}^ a process of growth downwards or budding of the axis cylin-

der from the x)roximal into the distal portion. According to this,

there is no true union of the i:>roximal with the distal portion of the

axis cylinder. The latter, as already described, has perished and

disappeared. But after union of the connective tissue, etc., of the

divided ends of the nerve, the axis cylinders in the proximal end,

which of course are still in union with the central body, begin to

grow into the lower or distal portion of the uerve. This is perfectly

in accord with what we know of the power of the axis cylinder in

embryonal life; and as this process of repair is essentially the dis-

lAay of an embryonal faculty of growth, there is nothing difficult to

conceive in such a process.'^

The reunion of nerves after section has given rise to much contro-

versy as to the significance of some apparent facts. Gliick's experi-

ments on the fowl and the monkey were formerly considered conclu-

sive. According to them the cut ends of a nerve, left in sUa but

unsutured, usually unite in the course of a few days. If a portion of

the nerve is exsected the union requires more time in proportion to

the length of nerve removed ; the removal of one or two centimetres

I)revents spontaneous reunion, i.e., the ends will unite only if sutured

(quoted by Bowlby). If the freshly cut ends are sutured, ra])id

reunion is obtained ; even in eight days " the cut ends were united
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by naked axis cylinders." It is even claimed that in the case of a

fowl, when complete section of the sciatic nerve had been made, func-

tion was perfectly restored in seventy hours. Gliick's results, if

accepted, point to the fact that primary union, or union by first

intention, does occur in nerves. To reconcile these alleged facts with

the demonstrable facts of histology is not easy ; and they are not in

accord, as we shall see, with more recent investigations. With what
Ave know now of the neuron, if we accept as possible the reunion of

axis cylinders within seventy hours, and complete restoration of their

functions, it would seem almost necessary to believe that each of

these minute fibres hunted out and became united with its own par-

ticular fragment. If this is not the case, and the reunion is promis-

cuous, then we must suppose that in spite of their various anatomical

distributions, the once divided fibres, after reunion, can take on vica-

rious functions. Cornil and Eanvier say that " in animals division

or resection of a nerve is never followed by immediate union.

Therefore it may be doubted if it ever takes place in man." Again,

they say that after several months "there is a union of the two

ends of the nerves by a process which is not included in any of the

methods admitted by surgeons. It is neither immediate nor sec-

ondary union, but a special histological evolution, which has not

yet been definitely determined." This is evidentlj^ the process of

budding of the axis cylinders, already referred to, claimed by Ban-
vier to occur.

Bowlby, whose theory of regeneration of the axis cylinder from

the sheath of Schwan .has been stated above, of course finds no diffi-

culty in accepting Gliick's conclusions, and draws further conclusions

from a few surgical cases in his own and others' experiences. In one

case, in a man, he saw apparent primary union of the median nerve,

with restoration of sensation, in eight days; and yet, significant fact,

the muscles supplied by the nerve had not regained their reaction

to either faradism or galvanism when stimulated through the nerve

seven months later. This, to our mind, throws great doubt upon the

fact of regeneration, although Bowlby apparently attaches no sig-

nificance to it. When we consider the free arborizations of the sen-

sory neuron in the skin, it is not difficult to suppose that sensation

might be restored by way of another nerve trunk ; but when we find

the electrotonus of the nerve and muscle not restored after seven

months, it is difficult to believe that the neurons are intact from their

centre to the periphery. As to the late cases of secondary reunion

after suturing, narrated by Bowlby, there is no difficulty in accepting

them if we believe with Eanvier that in such cases regeneration

begins in the proximal end, and that the axis cylinders, still attached
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to their cell bodies, gradually grow downwards from the proximal

into the distal portion. The early cases of primary reunion require

still further careful observation to clear away some obscurity and

some apparent conflict between the facts of histology and the alleged

facts of surgery. The facts of surgery and of experiment must cer-

tainly conform to the facts of histology before they can be accepted.

Bowlby speaks rather slightingly of some physiologists who are

unable to reconcile the facts of nerve suture with " their theories as

to how injured nerves ought to behave." But the neuron is not a

theory ; it is an anatomical reality. In cases of secondary reunion

without suturing, in which the cut ends of the nerve gradually grow

together, a long time is required (as much as a year or eighteen

months), and the process is apparently one of downward growth of

the axis cylinders from the proximal into the distal portion. Accord-

ing to Bowlby, good results under these circumstances are rare ; and

this very fact that they are rare points to the conclusion that regen-

eration, in the sense in which he uses the term, in a thoroughly

degenerated nerve is impossible. The ai)parent excej)tions are x)rob-

ably in cases in which the axis cylinder from the proximal portion

has succeeded in growing downwards through the distal portion.

The most recent and by far the most conclusive study of regener-

ation has been made by Stroebe." He used compression, continued

for several hours, upon a nerve in a rabbit's ear. In the first day

he found the axis cylinder broken, but the sheath of Schwann pre-

served. There was enlargement of both ends of the nerve, caused

evidently by the contents of the nerve being forced out of the com-

pressed portion. Stroebe showed that the new fibres do not arise in

the distal portion from the sheath of Schwann, but that these young
fibres develop from the nerve stump, i. e. , from the proximal end, by a

budding process. This proximal end of the axis cylinder undergoes

degeneration for the distance of several nodes of Kanvier ; this degen-

erated portion swells, and the new and very delicate fibres spring from

the sound portion just behind the swollen end. Several of these may
spring from one old axis cylinder. They tend to grow towards the

periphery and to force themselves, as it were, through the region to

which the i)ressure had heen api:)lied. This region becomes slightly

swollen, and is composed of empty sheaths of Schwann, the nuclei of

which are i)roliferating freely. The young fibres possess from the

very first delicate medullary sheaths; they pass through the old

sheaths of Schwann as far as the area of compression. In passing

farther through this region of comjiression, they seem to follow paths

of least resistance, sometimes keeping within the old sheaths of

Schwann, sometimes penetrating between them. The distal end of the
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nerve is entirely passive in this whole process of regeneration, acting

simply as a conducting tube. Stroebe saw the commencement of thie

process of regeneration on the sixth day after section of the sciatic

nerve, and on the seventh day after compression of the nerve of the

rabbit's ear. From his description and illustratioiis it appears jjlain

that this budding of the proximal ends of the divided axis cylinders

is an embryonal process of repair, and that these new delicate fibres,

springing from the neuron, follow merely a blind impulse of growth
through paths of least resistance, and therefore that they can reach

the peripheral organs to which the old axis cylinder went, only in

case the way through the injured and degenerated nerve trunk con-

tinues pervious to them. It may well be conceived that in many
cases of grave injury to the nerve trunk this path might l3e hope-

lesslj^ blocked, as, for instance, by scar tissue. It is readily seen

that Stroebe' s work is a confirmation of the ideas of Ranvier.

In a recent paper Ziegler" claims that he has demonstrated that

the theory of. an outgrowth of the new axis cylinder from the stump
of the old one is not according to facts. His view is that the old axia

cylinder is passive. The active agent in regeneration is a nuclei-con-

taining protoplasm, which is an outgrowth of the sheath of Schwann.

From this protoplasm a primary protoplasmic fibre is developed, in

which, by a process of differentiation, arises not only a new axis cyl-

inder, but also a new sheath of Schwann and medullary substance.

This new axis cylinder is ultimately joined to the stump of the old

one. This view of Ziegler's is a recurrence to the old opinion that

the new nerve fibre is an outgrowth of the sheath of Schwann, and it

is so radically at variance with the opinions now held by histolo-

gists, notably Stroebe, that it cannot be accepted until confirmed by
recognized experts. It is noteworthy that this view is advanced by

a surgeon in a surgical journal.

The proximal end of a cut nerve undergoes but slight changes,

and these are confined to but a small extent of the nerve trunk.

According to Hanvier, only one or two nodes or segments are affected.

In these the medullary substance is broken up into rather a finer

substance than in the distal portion. The axis cylinder in these

affected nodes swells. The nuclei of the sheath of Schwann grow, and

large leucocytes from the blood penetrate into the nerve substance.

These changes are probably preliminary to the formation of the

hulbs which form on the proximal or central ends. These bulbs are

composed largely of fibrous tissue. Bowlby says that there are also

newly formed axis cylinders in them, and he appears to believe that

there is a gradual transition from the newly formed nervous tissue

to connective tissue—an opinion, however, which is not tenable. The
Vol. XL—

4
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bulb is apparently merely the result of a proliferation of connective

tissue, which occurs in the effort which nature makes at repair.

Starr'" suggests that the conflicting opinions about degeneration

and regeneration may be due to the fact that the conditions are not

always the same. This fact has been already indicated above—the

conditions in a freshl^^ severed nerve are different from those in a

completely degenerated nerve. This possibility^ of a difference in

conditions is to be noted especially in cases in which degeneration in

nerves occurs after injuries other than complete section. In such

lesions as are produced, for instance, by i)ressure, bruising, or even

inflammation, the severance of the axis cylinder in every instance may
not be complete—in other words, a partial nutrition may be main-

tained in it. Even in cases in which severance of the axis cylinder is

complete, if the nerve trunk itself is not divided, the process of regen-

eration, by growth downwards of the axis cylinder along the old

paths, must be more easily accomplished than in cases in which the

nerve has been cut entirely through and then reunited. In cases,

again, in which there is complete abolition of function, both motor

and sensory, as in inflammation, it does not follow necessarily that

there is always complete degeneration. In other words, a partial or

perverted nutrition may be maintained. It is evident, therefore, that

in neuropathology these two phenomena, i.e., abolition of function

and degeneration, should not be confused. Starr' ° gives an excellent

digest of the literature of this subject, based especially on the obser-

vations of Neumann, Meyer, and Ranvier. As already said, however,

we need now the revelations of the newer stains to enable us to trace

the regenerated axis cylinders.

S. Weir Mitchell" called attention to this fact, i.e., that various

degrees and stages of degeneration and regeneration may be occur-

ring in the same nerve in cases of neuritis following injury. This

observer also believed, like Bowlby, in the autogenetic restoration of

the distal portion of a divided nerve, and said that reparation may
occur even when a nerve has been transplanted and grafted upon
foreign tissues. But, as already said, Ranvier' s explanation of a

downward growth of the axis cylinder is more consistent with the

facts of histology and our recent knowledge of the neuron.

A still more important pathological process in nerves is infiammcu-

iion. This differs from degeneration in being a more active process.

It is always the result of the injurious action of some external agent

upon the tiague of the nerve. This external agent is usually, or per-

ha])H always, a poison of some kind. Thus it may be one of the

ordinary well-known poisons, such as lead or alcohol; or, on the

other hand, one of the so-called toxins that are generated by iufec-
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tious agents, such as the various bacteria. In cases of nerve injury,

in which often many symptoms of neuritis occur, a question may
arise whether there is really a true inflammation present; whether

there is not rather a degenerative process, such as has been already

described, associated with an attemjjt by nature at repair, which may
lead to some proliferation of connective tissue. Such cases were

described by Weir Mitchell as results of gunshot wounds. In cases

of injury to nerves in which a true inflammation occurs, this is x)rob-

ably due to a secondary infection, i.e., an infection that has taken

place in the bruised and disabled tissue of the nerve.

It is customary to describe two types of neuritis : the parenchy-

matous and the interstitial. These two types blend, and in fact it

may be questioned whether they are anything more than different

stages or phases of the same process.

In parenchymatous neuritis the first thing attacked is the axis

cylinder. This soon swells, but eventually shrinks, and in very

severe cases may disappear entirely, just as it does in degeneration.

This process is accompanied by changes in the coats of the nerve

fibre; the medullary matter is broken up and the nuclei of the sheath

of Schwann swell and proliferate. Thus far the process is much like

acute degeneration. But in inflammation the minute blood-vessels

are involved ; their coats are thickened, they are packed with cells,

and leucocytes are found wandering in the tissues. It is not often,

however, that such a purely parenchymatous type of neuritis is found.

It is the type that is seen in some acute cases of neuritis due to the

various poisons—alcohol, arsenic, etc.

The gradations from this to the various stages of interstitial in-

flammation are not difiicult to recognize. In many so-called paren-

chymatous types, in fact, some involvement of the connective tissue

is often discernible. This proliferates, and the nerve is consequently

somewhat swollen and soft at first. This stage corresponds to the

period of acute pains. In more advanced (pure) cases of interstitial

neuritis the increase in the connective tissue is conspicuous. This

connective tissue between ihe bundles of nerve fibres undergoes rapid

proliferation; its fibres, interlacing with each other, encroach upon

and squeeze the bundles of nerve fibres. This increase is especially

seen about blood-vessels, the new connective tissue forming concen-

tric rings (see Fig. 10), which gradually press upon and may oblit-

erate the vessel. In the jjroliferating connective tissue the nuclei

stand out very plainly.

The blood-vessels in this form are conspicuously enlarged; they

are swollen with accumulated corpuscles, and their coats are thick-

ened. There is also seen extravasation of these cell elements into
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tlie inflamed tissue. Leucocytes abound, and there may be minute

liemorrliages, marked b3- groups of tlie red blood corpuscles.

Although there is some extravasation of leucocytes and sometimes

minute hemorrhages, there is seldom seen true supj)uration within

the nerve sheath, even in cases in which the nerve has been lying in

suppurating tissues and even bathed in pus (Gowers). This is not

an absolute rule, however, as in some of the larger nerve trunts, as

the sciatic, there may be an acute inflammation with pua. In one

very rare opportunity I saw such a condition in a patient who had

been suffering with sciatica, and who died after a brief illness from

Fig. 10.—Acute Infectious Neuritis, Showing Points of Hemorrhage, Connective-tissue Prolifera-

tion, Diseased Nerve Fibres, and Obliterated Vessels. (Rosenheim.)

another affection. In acute inflammation there is usually at least

considerable extravasation of serum. Of course, any wandering leu-

cocyte is in truth a pus element; the most that is' intended here is

that these bodies do not as a rule accumulate sufficiently to form dis-

tinct suppuration.

Tlio amount of damage done by the inflammatory process dei^ends

upon various factors. The more active, extensive, and long continued

this process is, the greater and more permanent will be the injury.

First, ])ressure ujjon, and then destruction of, the axis cylinder are the

essential damages. In cases in which the extravasation, swelling,

and proliferation are slight and confined to the connective tissue, the
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nerve fibres and their axis cylinders may be but little injured. Pres-

sure may interfere witli their function in transmitting imi)ulses, Init

may not destroy them. In some cases, some axis cylinders are

injured and others not. This accounts for many clinical facts.

When inflammation is due to the action of virulent poisons, as for

instance diphtheria, it is just possible that the injury is not due

entirely to the mechanical effects (pressure, etc.), bat to direct seda-

tive or toxic action upon the cytoplasm of the neuron. This may
account for the fact that sometimes in the so-called x^arenchymatous

type of inflammation the injury done to the nerve structure does not

appear adequate for the symptoms produced. In such cases aboli-

tion of function in the neuron is an early effect of the infectious proc-

ess, and is not necessarily in proportion to the amount of reaction of

the connective or mesoblastic tissues to this process. As the inva-

sion continues, however, not only the axis cylinder but the blood-

vessels and connective tissue begin visibly to show the effect ; then

the axis cylinder breaks down and degenerates, even without very

extensive interstitial changes. At a later stage still, the connective

tissue proliferates more and more.

That the neuron is capable of being influenced directly and quickly

by various substances is well known, and the fact sujjports the theory

just advanced. Thus acids and even simple salt act as irritants.

There is no reason why toxins, generated by microbic action, should

not have in some instances a deleterious effect, abolishing function

just as a narcotic drug does.

When inflammation results in destruction, even in a limited area,

of the axis cylinder, it acts of course as a focal lesion ; the distal por-

tion of the axis cylinder, being cut off from its cell body, degenerates,

just as it does after complete section of the nerve. It is important to

recall this fact when considering the prognosis of inflammation. If

the disease has been of long standing and extensive, the resulting

degeneration may be as complete as after section, and consequently

the i)rocess of repair (regeneration) may be long continued.

Inflammation of nerves may be localized or diffused. It may be

limited, in other words, to a comparatively few segments, or it may
extend through the greater extent of the nerve trunk. The type in

this respect varies according to circumstances, especially cause and

location. Thus the seventh nerve is apt to suffer from a sharply

defined focus of inflammation where it emerges from the bone, while

in the type caused by lead the inflammation is extended through

more of the nerve trunk. Again, the process may be peripheral

and not extend so far as the nerve roots, as is frequently seen in al-

coholic cases; in these cases, too, it is not confined to one, but is
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distributed to many nerves. An ascending or migrating type is

described, in whicli tlie disease process may even pass into the cord;

tliis is exti-emelv rare.

Special forms of neuritis are described, as the syphilitic, th«

tuberculous, the leprous, the cancerous, etc. These depend, for any

distinctive marks, upon the special action of the individual poison.

A syphilitic neuritis is a common form in some of the cranial nerves

—the third and sixth. It is marked by the exudation of a gumma-
tous material, which may even be distinguished in the nerve trunk.

Frequently the disease process begins in the membrane of the

brain, and involves the nerve secondarily or by contiguity. Tuber-

culous neuritis is also most common in the cranial nerves in cases of

tuberculous meningitis. The leprous neuritis constitutes one of the

best known forms of leprosy, the anaesthetic form ; in it the inflam-

matorj^ process is undoubted!}^ due to a distinct microbe, which has

been isolated and described. In cancer the nerve trunks in the

immediate vicinity of the growth may be inflamed, and may even ex-

hibit in rare instances the characteristic neoplastic tissue within

their sheaths (Cornil and Ranvier).

A neuritis, especially of the parenchj^matous or degenerative

form, is sometimes seen as a complication of other diseases. In

locomotor ataxia, for instance, such a neuritis occurs. In some

instances it is more like a degeneration than an inflammation of the

axis cylinder, and yet it is probably an active rather than a passive

disease pirocess. As suggested above, such a process may be merely

the direct action of a toxin upon the sensitive cytoplasm of the axis

cylinder. In tabes, moreover, the initial action may be ujjon the cell

body of the neuron in the ganglion of the posterior root ; in such a

case the axis cylinder degenerates because of the poisoning of its

nutritive centre—the nucleus. The painful crises of locomotor ataxia

may possibly be caused by the irritative action of a toxin upon the

neurons in the intervertebral ganglia. The inflammatory^ process,

under these circumstances, is merely the reaction of the vascular

and connective tissue to the irritant, which may be diffused through

the cytoplasm of the neuron, as well as carried in the blood.

Some diseases appear to exercise a selective action and affect some
neurons more than others. Thus diabetes is occasionally complicated

with a neuritis, in which the sensory neurons appear to suffer more
than the motor. This causes the so-called ataxic type of neuritis, of

which more will be said hereafter. It is occasionally caused also by
lead and alcohol."

A peculiar disease has been described by Morvan, and is called by

his name ; it isrobably dejjends upon a neuritis. In the early stages
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pain is felt in the aifected nerves ; later, anaesthesia, analgesia, and

loss of temperature sense occur, but the characteristic lesion is a

painless whitlow, which may terminate in the complete loss of one or

more of the distal phalanges of the fingers. Muscular atrophy also

occurs. The classical symptoms of syringomyelia are simulated in

some degree in these cases. The neuritis is probably due to an

infectious i:)rocess, as Morvan noted a comparatively large number of

cases among a fishing community in a town in Brittany. Some
observers have claimed that the poison of leprosy is responsible for

this train of symptoms; and the neuritis of leprosy does undoubt-

edly cause severe trophic lesions. Some confusion exists as to the

identity of Morvan' s disease. Bernhardt, Roth, Broca, and others

inclined to the belief that it was the same as syringomyelia. Charcot,

Dejerine, and others thought the two were distinct. Morvan claimed

that the whitlow was more common than was syringomyelia, and that

tactile sense was involved as well as the sense for pain and tempera-

ture (Bruhl"). The disease, as described by Morvan, has some
striking resemblances to anaesthetic leprosy.

Chronic rheumatism, paralysis agitans, and senility are all asso-

ciated sometimes with alterations in the nerve trunks, which are of

either a degenerative or an inflammatory type, but this type is not

especially distinct from neuritis as seen in other circumstances.

Finallj^ morbid growths, neuromata, may occur in nerves. They
have been distinguished as two forms—true neuromata, in which the

growth is apparently formed largely of nerve fibres; and false or

pseudo-neuromata, in which the new tissue is largely fibrous (Gow-

ers). They may be single or multiple. Myxomata and sarcomata

have been seen growing within the nerve sheath. These cannot be

regarded as true neuromata, since that term should be restricted to a

true overgrowth of nervous tissue. Whether such a true neuroma

ever occurs is a doubtful question (see the description of tumors in

the sciatic nerve, below). From a glance at the literature it is

evident that small tumors in nerves are like tumors elsewhere

—

essentially a growth of non-specialized tissue. Of course, nerve

fibres may be found in them, but these are probably only the original

fibres of the nerve trunk which have become involved in the new
growth. From what we know now of the neuron it appears extremely

improbable that this can proliferate to such a degree as to form a

veritable neoi)lasm. In all these cases there is probably only an

overgrowth of connective tissue. Duhring has described a rare and

interesting case of what he called neuroma cutis, in which numerous

small tubercles were observed in the skin of the shoulder and arm.

These were evidently connected with the nerves, and were seen under
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the microscope to be formed of connective tissue in which the origi-

nal nerve fibres were embedded. Pain, in paroxysms of great

severity, was a prominent symptom.

Gowers describes a variety of neuroma, consisting of inter-

lacing cords, nodular and toi-tuous, which he caUs plexiform neu-

roma. The disease begins in foetal life, and is usually seen on

some branch of the fifth nerve, as in the orbit or upper eyelid. In

this example, as in all others, the new growth appears to be of con-

nective tissue, enclosing the original nerve fibres. The growth is

sometimes myxomatous in character, and is evidently an overgrowth

of mesoblastic tissue, not of true nerves. It is possible that the

nerve fibres are swollen and enlarged in these cases, but this condi-

tion is not the same as a j^roliferation of these fibres. Gowers appears

inclined to the belief that true neuroma may occur, but he fails to give

a satisfactory instance of it. All his references and descriptions make

it plain that there was always present an overgrowth of connective

tissue. His statement that ganglion cells have been found, though

only in two instances, requires confirmation.

GENERAL SYMPTOMATOLOGY.

The general symptoms of diseases of the peripheral nervous sys-

tem may be described as they refer to motion, sensation, nutrition,

the reflexes, and the circulation. All of these symptoms are due

simply to alterations in the normal physiological action of the

peripheral motor and sensory neurons ; hence it is absolutely neees-

sary to understand what has been written in the preceding pages

about the anatomy and physiology of these nervous structures in

order to understand these diseases. In order to avoid undue repeti-

tion constant reference will be made to these preceding descriptions.

It is essential to reflect also that we are concerned here simply and

solely with the perii)heral nervous system.

Disorders of Motion.

These are among the commonest and most notable of the effects

of diseases of the nerves. These disorders are, briefly, spasm, con-

tracture, tremor, fibrillation, incoordination, and paral^^sis. Some
of these, it is true, are practically not seen when the nerve trunk (axis

cylinder) is alone affected, but all of tliem may occur in diseases that

affect the cell body of the neuron. It will be necessary to point out

this distinction under each heading.

Sprifori, for instance, is seldom seen in affections of the nerve

trunk, yet it is not unknown. As already shown, it may occur in
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one of the stages of pressure (see page 44). Yulpian and others

observed this. It may possibly occur in rare instances in the very

early irritative stage of neuritis, but this must be an exceedingly rare

occurrence. Other irritative lesions do undoubtedly cause si)asm in

some nerves. Thus irritative lesions of the superior or inferior

laryngeal nerve may cause adductor spasm (Herter'"). In some

forms of spinal meningitis, in which the nerve roots are irritated,

spasm or a spastic state of the muscles occurs. This is usually

attributed to irritation of the nerve roots, which of course are com-

posed of axis cylinders exclusively, but it may be a question

whether the bodies of the neurons (multipolar cells) are not also irri-

tated in some of these cases. It is necessary, moreover, to distin-

guish a true silastic state, due to irritation of nerve roots, from an

excited reflex spasm or increased tonus (see section on the reflexes,

page 34). The form of spasm caused by diseases or affections of the

nerve trunks is the tonic, in contrast with the clonic form, which is

always a symptom of irritation of the brain cortex. This distinction

is important. The gray matter of the brain gives rise when irritated

to a series of clonic spasms, epileptiform in character, in the related

muscles. The irritation in such a case acts first upon the central

motor neuron in the cortex of the brain, the imjjulse being communi-

cated from it to the perijDheral motor neuron (multipolar cell in the

anterior horn) in the gray matter in the cord. When, however, the

axis cylinder, not the cell body, even of the central neuron is irri-

tated (as, for instance, by faradism), the resulting spasm is tonic.

The resulting spasm from irritation of the axis cylinder of the

peripheral neuron (motor nerve) is also tonic (Franck "). I have had

occasion, in a number of instances, to apply the faradic current to the

brain cortex in operations upon the human brain, and I have confirmed

this observation, to the extent at least that direct irritation of the

motor cells in the cortex causes clonic spasms, persisting after the

withdrawal of the irritant.''" Moreover, the clonic spasm, caused by

exciting the motor cells in the cortex, persists for some time after the

irritant is withdrawn; whereas the tonic spasm, caused by applying

the faradic current to the exposed fibres in the white matter in the

bottom of the wound, after excising the cortex for epilepsy, ceases

as soon as the irritant is withdrawn (Franck, Lloyd). In this latter

case, the exposed fibres in the white matter are, of course, axis

cylinders.

Painful tonic spasm or cramp is an occasional symptom of multi-

ple neuritis in its early stage. It may also be caused by pressure on

a nerve trunk, as is seen not seldom in parturition. In this case,

however, it is possible that interference with the circulation may be
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a causative factor. The most common seat of cramps is in the mus-

cles of the calf of the leg.

Contracture is a state of persistent contraction or shortening of a

muscle. This is the usual explanation, although the condition in

all cases is probably not the same thing physiologically as contrac-

tion. Contraction is the physiological act of shortening by which the

muscle performs its function; it is, as a rule, rather brief in duration,

although it may persist for variable periods of time. Contracture,

on the other hand, is a persistent state of shortening of the muscle,

which as a rule is no longer under the control of the will ; and this

contracture can be overcome onlj^ by passive effort. It is always

pathological. By some it is explained as a sort of persistent exag-

gerated reflex tonus. It occurs, for instance, in cases in which the

muscle is cut off from the volitional centres, as in old cases of hemi-

plegia. This form of contracture is also seen in diseases of nerves.

In some forms of neuritis the contractures which occur may be per-

manent and cannot be overcome readily even by passive forcible

movements. These contractures aijpear to be caused in the less

paralyzed muscles, as the flexors, and may be explained by the fact

that the extensors are so completely paralyzed as to offer no counter-

force to the flexors. They are thus in a sense physiological, i.e.,

thej' are due to the natural contractility of the muscular fibre when
this is unopi3osed.

Tremor, which is not a rare symptom in diseases of the central

ners^ous system, is very rare in those of the nerves. It is a rhythmi-

cal to-and-fro movement, of rather limited range, due to the alternate

contraction and relaxation of opposing muscles. It is no doubt due

to alterations in the motor neurons, in those both of the cortex and

of the spinal cord, ^Tien it occurs as a symptom in diseases of the

peripheral nervous system, the likelihood is that the cell body of the

neuron is affected, and rarely the axis cylinder only. Tremor is said

to occur in some cases of neuritis ; in such instances it is possibly

caused by the debilitation of the axis cylinders, so that the normal

ner\'e im^mlses flow both feebly and irregularly. Tremor occurs also

in hysteria, neurasthenia, alcoholism, chronic poisoning with lead

and mercury, exophthalmic goitre, and the exhaustion caused by
acute febrile diseases. The exact seat of the tremor cannot be stated

with certainty in most of these diseases, and yet from their nature

this seat is not probably in the nerve trunks (axis cylinders) exclu-

sively. It is more probably in the whole of the peripheral motor

neuron, since this anatomical structure is a unit and likely to be

affected as a whole by i)oisons and general nervous states.

Fibrillation differs from tremor, among other ways, b}' the fact
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that it is an affection of a few individual fibres rather than of the

whole muscle. It is an involuntary movement of these fibres, rather

sluggish in character. It is a wave-like motion, seen just beneath the

skin, and so feeble that it does not move the muscle as a whole, and

of course causes no movement in the parts to which the muscle is

attached. It may occur in odIv a few fibres at long intervals of time,

or it may be diffused through many fibres of the muscle, the succes-

sive waves of fibrillation chasing each other in rapid succession. In

cases in which they do not occur spontaneously or frequently, fibril-

lary contractions can often be excited by smartly tapping the skin

over the muscle with the finger. Exposure of the surface to the cold

air, as by removing the bed clothes or body clothes, will often excite

them. Fibrillation is probably caused by a lesion which at once

weakens and irritates the cell body of the peripheral motor neuron in

the anterior horn of the spinal cord. It is not caused by diseases,

pure and simple, of the nerve trunks or axis cylinders of the neurons.

It is mentioned and described here in order that its negative value as

a symptom of the peripheral nervous system may be understood.

The cell body in the cord and the axis cylinder in the nerve trunk

belong to one and the same anatomical unit, the neuron. It seems,

however, that fibrillation is excited only by an irritant, continuously

or almost continuously acting upon the cell body, i.e., the multipolar

cell in the anterior horn. This symptom, therefore, is almost

entirely confined to progressive degenerative processes that affect

and gradually destroy the large ganglionic motor cells. Such a dis-

ease especially is chronic anterior poliomyelitis. While this is the

opinion usually entertained of the significance of fibrillation, there

does not seem any a priori reason why irritation applied to the axis

cylinder or its ramifications should not be able to cause this symp-
tom. Herter'^ expressly states that degenerative neuritis may cause

fibrillation, and even intimates that irritation of the motor nerve end-

ings may also possibly cause it. This, however, is as yet a some-

what speculative question.

Incoordination is an irregularity of movement caused by a series of

unequal and improperly adjusted muscular contractions. To under-

stand it, the normal association of the muscles in producing complex

movements must be considered. In a voluntary' movement, depend-

ing upon the mutual action of several allied and opposing muscles or

groups of muscles, the precision of the movement depends upon the

exact relative force exerted by these several groups. This precision,

in fact, represents a balance of power so adjusted that the exact

movement is the result, and the resultant, therefore, is the effect of the

combined action of these muscles. All the muscles involved must
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contribute just the proper amount of force, and just at and for the

proper duration of time, in order that the movement may be exact.

The exact seat of this power of coordination is no doubt in the

central nervous system (cerebeUum or motor cortex ?), and preci-

sion of movement is the result of education. This power depends uu-

doubtedlj^, however, upon the integrity of the peripheral system, es-

pecially the sensory system and the muscular sense. Hence it may
be disturbed by a variety of diseases, both central and peripheral.

Thus there is a cortical incoordination or ataxia, as well as a cere-

bellar, a spinal, and a peripheral one. In the forms due to central

disease, as sclerotic processes, cerebellar tumors, etc., the central

seat of this function is involved, while in the forms due to peripheral

disease the nerve trunks or their ends are affected. The muscular

sense is no doubt largely the basis of supj)ly, as it were, for the

impulses upon which the central organ depends for a proper exercise

of this function. In locomotor ataxia the incoordination probablj^

depends upon the affection of the peripheral sensory neurons. Inco-

ordination or ataxia, as a symptom of disease of the peripheral ner-

vous system, is seen especially in some forms of multiple neuritis. In

this disease the symptom is probably caused by involvement of the

sensory fibres in the skin and in the nerve trunks. Hence anaesthe-

sia is usually a marked feature of these cases. They present an

ataxia almost if not quite identical with that of locomotor ataxia, and

thus lead to a confusion of these two diseases. Such cases have been

described under the title of pseudotabes." This form of multiple

neuritis is caused especially by alcohol, lead, and diphtheria. In

1884 Dejerine^' described this affection under the head of nervoiahes

peripJiSrique. He had observed it in two alcoholic subjects, both of

whom had incoordination, anaesthesia, abolition of the knee jerks,

atrophy, and paresis, without involvement of the eye muscles or blad-

der. Post mortem he found inflammation of the cutaneous nerve

endings, slighter changes in the intramuscular nerves, and no change

whatever in the posterior roots, their ganglia, or the spinal cord.

About the same time Dreschfeld " described a type of alcoholic

ataxia; his cliDical picture was strikingly like Dejerine's, but was

without such careful i)ost-mortem findings. Kruche" also wrote a

paper on "Pseudotabes in Alcoholics." Even before these observ-

ers, however, Wilks, in his lectures in 1878, and, still earlier, Leu-

det '" described the same condition. Leudet wrote before multiple

neuritis was generally thought of, and he came near to describing

what we recognize to-day as polyneuritis. In 1888 Leyden wrote a

monograph, in which he distinguished five forms of multiple neuritis,

one of which he named the sensory form and grouped under it the
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acute ataxias, whose cases are distinguished especially by incoordi-

nation and depend ui)on the lesions of the perijjheral sensory neurons

here referred to. These cases depend upon the involvement of the

jjeripheral endings of the cutaneous nerves—the lesion described

by Dejerine. In the case described by the writer the patient was
a painter who had been exposed to lead for many years, and who
also had been a hard drinker. His symptoms so closely resembled

tabes that his case had been diagnosticated as such by a competent

observer, but the autopsy revealed no involvement of the spinal cord.

The importance of recognizing these facts in neuropathology is very

great, because if they are ignored a comparatively curable disease

may be mistaken for tabes, which is practically incurable.

Paralysis in some form is the most common symptom of disease of

the peripheral nervous system. When thus caused it usually has

some general features that serve to distinguish it. First, for instance,

its distribution is often characteristic. Thus, if it results from a dis-

ease limited to one nerve trunk, it is found only in the muscles sujj-

plied by this nerve. This form of jjaralysis is usually so conspicu-

ous and characteristic that mistake is wellnigh impossible. Good
examples of it are seen in paralysis of the third and of the seventh

nerve. In cases in which more than one nerve is involved the groups

of muscles that are paralyzed have often a rather irregular distribu-

tion, and are not necessarily physiologically associated as they are

likely to be in paralysis from cerebral lesions especially, and to a

less extent from spinal lesions also. The degree of paralysis is a

second characteristic of some value. The muscles, when supplied

by one nerve, are usually equally paralyzed, and in many cases they

are absolutely paralyzed. There is no paralysis more complete than

that caused by a severe lesion of a nerve. The peripheral motor

neurons being in such a case completely disabled for transmitting

impulses, the resulting paralysis will be absolute. This rule, of

course, is not invariable, because slight lesions may permit some
impulses to pass ; neither is it distinctive, because absolute paralysis

may be caused by lesions of the brain and cord ; but it is neverthe-

less often characteristic when observed in a limited muscle group

which is sui^plied by a single nerve—as in the face, for instance.

Third, the kind of paralysis is quite characteristic in cases of periph-

eral lesions ; the palsy is always flaccid, the tone of the muscle is

always diminished or lost. Consequently secondary spastic states

do not set in, as in the case of hemiplegia and of paraplegia due to a

middorsal lesion. In long-standing cases, it is true, a late contrac-

ture often sets in, but this is not spastic and does not imply an

increased tonus in the muscles. It is not easily explained, but may
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Fig. 11.—Leg Dynamometer. (Dana.)

be due to the degenerative processes taking place in the tissue of the

muscles. In line with these facts is the abolition of the reflexes

that have their course through the affected nerve trunks. Periphe-

ral palsy is alwaj'^s characterized by the loss of these reflexes.

This of course is inevitable, from the fact that the mo-

tor neurons from the cord (and probably the sensory neu-

rons too) are impaired. This flaccid paralysis, with loss

of muscular tone and of reflexes, being caused by disease

^: or injury of the peripheral motor neuron in

any of its parts, is seen as well in those dis-

': eases that affect exclusively the

cell body of this neuron in the

spinal cord (as anterior poliomye-

litis), as in diseases of the nerves.

Diseases of these two regions can

be told apart only by other symp-

toms than the paralysis. As said

already, the degree of paralysis

may vary, even in cases of periphe-

ral lesions, although not so com-

monly with them as with central

lesions. A partial or mild degree of paralysis is sometimes

called paresis, but this distinction refers entirely to the degree of

paralysis, not to its cause or kind. Finally the reactions of degen-

eration, to be described later, occur in this form of paralysis.

To test paralysis is usually not difficult; only simple tests are

requisite. Some instruments of precision are in use, as the dj^na-

mometer, for registering the power in the grip. Dana has designed

a leg dynamometer and a foot dynamometer (Figs. 11 and 12). All

these instruments merely measure the power of

particular groups of muscles, and do not give

much more exact knowledge than can be gained

without them. The power of the grip, for

instance, can be better tested in many cases by

the physician giving his hand to the patient and

having him squeeze it; in this way an accurate

idea of the strength and mobility of the muscles

is directly imparted, that cannot be gained by

the instrument. Moreover, a comparatively

small number of muscles are adapted to precise

tests ; in most of them simple observation by sight and by resistance

is alone po8sil)le. To test the power of the legs a few simple

methods suffice; thus the physician may flex the x)atient's leg while

Fig. 12.—Foot Dynamome-
ter. (Daua.)
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the latter lies on liis back, and, holding the sole of the foot firmly

in his hand, request the patient to extend the leg forcibly. In liemi-

l)legia the patient cannot extend his foot against this resistance ; even

in hemiparesis the effort is in marked contrast with the sound side.

In multiple neuritis the patient, as he lies on his back, cannot lift his

entire leg from the bed at once (flex it at the hip) without bending the

knee. When he attempts to do so, the knee is bent and the heel does

not leave the bed, but is dragged up along the surface of the bed to-

wards the buttocks. This is because of the paralysis of the extensors.

In unconscious or semiconscious states a paralyzed leg or arm loses

all resistive power ; hence the sense of resistance is not imparted to the

observer as it is by tlie unparalyzed member. This extreme flaccid-

ity is seen in apoplexy with hemiplegia. In the case of some of the

small muscles and groups of muscles certain precautions must be
observed. The tongue, for instance, deviates towards the paralyzed

side, because physiologically it is pushed out of the mouth; conse-

quently the muscles of the sound side push it over towards the un-

opposed side ; but in some cases in which the face is paralyzed, the

corner of the mouth droops, and this may cause an appearance of

slight deviation of the tongue, which is deceptive. The extrinsic

muscles of the eye require careful observation to determine their

paralysis, but this subject will be referred to again in the proper
place. Changing the attitude sometimes gives valuable indications

of weakness or paralysis of certain muscles ; thus in rising from the

reclining or sitting to the standing position, the patient may not be
able to use certain essential muscles. In some of the forms of mus-
cular dystrophy, as pseudohypertrophic muscular paralysis, the

weakness of the muscles of the legs is best shown by the patient's

characteristic way of " climbing up his own legs" in rising from a
sitting position on the floor. Again, the gait is often characteristic

;

thus the gait of multiple neuritis is thought to resemble that of a
turkey cock, because of the dropping of the foot as the leg is lifted,

due to paralysis of the extensors.

Disorders of Sensation.

As already explained, sensation has a variety of modes. These,

briefly, are the tactile sense, the sense for heat and cold, the sense

for pain, and the muscular sense. Their physiology has already

been discussed (page 28). Considerable obscurity clings to the

question whether these various modes have distinct paths in the nerve

trunks, i.e., whether the sensory neurons are differentiated so as to

carry only separate and distinct modes of sensation. Whatever final
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answer plij'siology and histology may give to tliis question, the clini-

cal fact is plain that these varieties are separable by disease. As the

course of all of them is by way of the i:»eripheral sensory neurons

from the periphery to the spinal cord, it is evident that all of them

may be affected by diseases that affect the integrity of these neurons.

Hence among the symptoms of diseases of the peripheral nervous

system some alteration in sensation is very common.
The commonest of these varieties is abolition of the tactile sense,

or tactile anaesthesia. It is commonly seen in all kinds of lesions of

nerves, as, for instance, inflammation, pressure, and the various

traumata. The patient himself does not always necessarily know
that he has tactile anaesthesia ; or, on the other hand, some subjective

sense of numbness may accompany it. This symptom is readily

overlooked by a careless observer ; it should be sought for, and the

skin minutely tested, in all cases of disorder of the peripheral ner-

vous system. Abolition of sensation is not always coexistent or coex-

tensive with abolition of motion. As a matter of rather common
observation, motion may be much more profoundly affected than sen-

sation in lesion of a common nerve trunk. Thus there may be com-

plete paralysis of motion, and yet sensation may be in part preserved.

Again, in cases of nerve injury, in which both motion and sensation

are abolished and in which recovery occurs, sensation may be re-

stored for quite a period before motion. The explanation of these

differences in the action of the two sets of neurons is not very appar-

ent
;
probably the sensory impulse is more minute and delicate than

the motor impulse, and makes its way more readily through the cyto-

plasm of the cell; or less of an impulse may be required to excite

sensation in the cells of the brain cortex than to cause a muscle to

respond. If this is the explanation, the difference depends not so

much on a difference in the two sets of neurons as on a difference in

the excitability of their receptive organs.

To test the tactile sense the patient should be blindfolded. Any •

pointed instrument may be used, as a pin, a pen, a i)euknife, or a

hairpin. The best, however, is the sethesiometer. This consists of

a hinged two-pointed instrument, somewhat resembling a draughts-

man's compass, with a scale for measuring the distance of the

points from each other. A good jAan, which I usually adopt, is

to have the patient count aloud the number of times he is touched

until the number four is reached; then to begin again, and count

again as far as four, and so on. The advantages of this plan are

numerous. It permits the observer to detect readily, for instance,

an inattentive patient, and, better yet, a malingerer. The former

will count by rote, even when he is not touched, and his fault can
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tlms be corrected ; the latter will involuntarily and almost inevitably

count when the alleged anaesthetic spot is touched, especially if the

process of counting has been going on for some time. On the other

hand, the patient with a genuine anaesthetic area will inevitably drop

a count when this area is touched in the midst of the count. By
this method also the exact limits of the anaesthesia can be mapped
out. In addition to this test, it is desirable to know how well the

patient can appreciate the distance between the points, and the re-

sults can be compared with the table for normal results (page 31).

The patient's ability to recognize location should also be noted. The
sense of contact is, of course, only a degree of tactile sense and does

not require special tests. The sense of pressure is in part closely

allied to the muscular sense. It may be tested with weights of

different sizes, laid upon the anaesthetic spot; but these tests are

of dubious value, because this faculty varies so much in individ-

uals within normal limits. The same may be said of Rumpf's test

by writing. By this test the letters are traced upon the skin with a

hard-pointed instrument, and the patient is requested to name them.

Eumpf's table for these responses (given by Dana) is probably sub-

ject to wide variations. The test is practically of little or no value.

Of greater importance is to note whether the tactile sense, if not

abolished, is in any degree delayed. In clinical work, in which great

precision in determining this point is often not practicable, the

observer must be content with an approximate result. It is not diffi-

cult, for instance, to determine whether the response is long dela^^ed,

although this cannot be measured to the fraction of a second. Dana
gives the following table of the normal reaction time

:

A touch on the hand, about 0. 13 second.

A touch on the foot, about 0. 17 "

Hearing 0. 13 "

Sight 0. 16

Taste 0. 15

The delay, which may amount to several seconds in cases of cerebral

lesion, is not likely to be considerable in cases of peripheral lesion.

The temperature sense, like the tactile sense, is abolished by any

lesion that totally destroys the continuity of the axis cylinder or so

interferes with it as to impair its conducting power. Hence it hap-

pens that in cases of complete tactile anaesthesia from a peripheral

lesion there is always found also anaesthesia to heat and cold.

Abolition of temperature sense, without any tactile anaesthesia, is not

often observed in peripheral lesions. This dissociation is absolutely

denied by some authors, especially for neuritis. Thus Bruhl"
claims that the peculiar dissociation symptom (i.e., preservation of

Vol. XI.—

5
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tactile sense witli abolition of the temperature sense and pain sense),

seen in syringomyelia, is never seen in neuritis. I have put on

record, however, two cases of injury to the cervical region of the spi-

nal cord in which the nerve roots were probably injured and involved

in adventitious material, and in which this dissociation symptom was

a marked feature." These cases seemed to prove that spinal pachy-

meningitis and neuritis may cause loss of temperature sense without

anaesthesia ; still, they cannot be said to prove this point incontesta-

bly, because it was not known to what extent the central gray matter

of the cord was injured; if it was injured, this injury would probably

account for the anaesthesia to temperature and to pain. In anaesthetic

leprosy, in which the lesion is a neuritis, this dissociation of tactile

and temperature sense has been noted. In fact, the resemblance of

this form of leprosy to syringomyelia is marked. Charcot"' has

described a case of injury to a dorsal nerve in which this dissocia-

tion was seen, and says that others have seen it in peripheral neuritis.

If, therefore, neuritis can in some instances cause impairment of

temperature sense without tactile anaesthesia, this state would proba-

bly indicate that the peripheral sensory neurons are not differentiated

for these varieties of sensation. From the clinical standpoint, how-

ever, it must be said that, as a rule, the dissociation of the two is not

commonly seen in cases of peripheral lesions, but is highly character-

istic of lesions of the central gray matter of the spinal cord, as in sy-

ringomyelia. It is significant that the temperature sense and i^ain

sense are usually affected together.

To test the temperature sense, two small bottles or test tubes of

exactly the same size are used. One is filled with hot, the other

with iced water, or, better yet, with small bits of cracked ice. Ex-

tremes of heat and cold had best be used. The bottles or tubes

should be tightly stoppered, to prevent leakage upon the patient's

skin. The patient should be blindfolded, and then touched at hap-

hazard on the areas to be examined. Alternation should be made
without system. As a rule, patients will more frequently call cold

hot than vice versa, especially if the object is very cold, as a bit of

ice. Variations of temperature within a few degrees are recognizable

by patients in health. Below 60° F. the sensation of cold is im-

parted, and above 100° F. the sensation of warmth, gradually increas-

ing from that point to a sensation of heat.

The pain sense is abolished (analgesia) in complete tactile anaes-

thesia, as a rule. In other words, a peripheral lesion so complete as

totally to obstruct the passage of the tactile impulses will not permit

the passage of painful impressions. There are, of course, minor
degrees of tactile anaesthesia which are compatible with the passage
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of painful impulses ; in these cases the neuron is evidently not com-
pletely cut off from its terminal arborizations, and, while unable to

respond to an ordinary tactile stimulant, can react to a stronger pain-

ful one. This condition must not be confused with " anaesthesia do-

lorosa," in which the pain arises from an irritative but obstructive

lesion in the course of the nerve trunk, the pain being referred by
the mind to the periphery. Something like this is seen in multiple

neuritis, in which disease the nerve trunks are tender and sore, and
yet do not always conduct tactile impulses from the periphery to the

nerve centres. The pain sense, as already pointed out, is in some
way apparently associated with the temjjerature sense ; the two are

usually abolished together. This is seen in lesions of the central

gray matter of the spinal cord, as syringomyelia, the tactile sense not

being ajffected ; but in peripheral nerve affections this dissociation is

very rare. Charcot," as already said, saw this dissociation in a case

of injury to a dorsal nerve, and others have reported it in the neuritis

of anaesthetic leprosy. Gowers"*^ claims that he has twice, in multi-

ple neuritis, seen the pain sense lost, the tactile sense being pre-

served. As a rule, however, in the clinic this dissociation is not seen

in cases of disease of the peripheral nervous system. The commoner
dissociation is that first described, in which with a mild form of

tactile anaesthesia there is some preservation of the pain sense.

To test the sensibility to pain the skin may be pinched. A con-

cealed needle, controlled by a spring, is sometimes used. An instru-

ment, containing such a needle, has been designed and called the

aiguille cachee. It has the advantage of not exciting the patient's

suspicion or apprehension ; hence the exact degree of pain sense can

be determined, and malingering can be exposed. With the patient

blindfolded, however, an ordinary needle can be used, and is quite as

good as the instrument. The best test for the pain sense is the fara-

dic current. The strength can be altered at will without the patient's

knowledge, and his exact sensitiveness to painful currents can thus

be noted.

The opposite to analgesia is hyperalgesia. In this condition ordi-

nary non-painful impressions may become painful. It is evidently

caused by an irritative lesion. It is practically the same thing as

that condition in a nerve which is called pain. Hyperalgesia may be

described as a state of increased susceptibility to pain, whereas pain

itself is a modification, sui generis, of the neuron, caused apparently

by over-stimulation or irritation.* In the hyperalgesic neuron it is

* An exact definition of pain is impossible. The subject shades off rapidly into

obscure psychological and even metaphysical definitions, as can readily be seen by
consulting Mr. Marshall's book already referred to.* There is a school of psycholo-
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easier to excite pain tlian in a normal neuron, because it is already in

a state of irritation ; when this irritation is slightly intensified, pain

is the result. That irritation is the cause of pain is evident in some

cases from the fact that the nerve trunks are painful on pressure,

This is so in neuritis. In such cases the irritation acts on the axis

cylinders of the neurons in the nerve trunks. Painful sensations, as

burning, are in these cases often felt in the periphery, as in the soles

of the feet, but on pressure the nerve trunk itself is also sore. The
clinical appearance and significance of pain will be described else-

where. It may vary in character, being boring, tearing, burning, or

aching, according to circumstances.

The muscular sense, by which the mind is made familiar with the

state of contracture, the efforts, and the position of the muscles, may
be affected by disease. As the pathway for this sense from the mus-

cles to the nerve centres is generally believed to be by the sensory

neurons, it follows that affections of these neurons should affect the

muscular sense. This is the case in several diseases. In locomotor

ataxia, in which affection these peripheral sensory neurons are exten-

sively diseased, the muscular sense is often much impaired. In the

ataxic form of multiple neuritis, in which disease also these sensory

neurons, especially their peripheral endings, are gravely impaired,

the muscular sense is often abolished. Doubtless a complete obstruc-

tive lesion of any single nerve causes some impairment of the muscu-

lar sense in the muscles to which the nerve is distributed, but in

lesions of groups of nerves, affecting especially the legs, the disturb-

ance is more conspicuous. That the muscles have sensory nerves is

well known ; the pain caused by cramp in the muscles is sufficient

evidence that the muscle's state of contraction is instantly announced

to the consciousness. That the muscular sense is dependent upon
these sensory nerves in the muscles themselves, and not upon the

sensory nerves in the skin, is apparent from a number of observed

facts. Thus there may be anaesthesia of the skin without loss of the

muscular sense. According to Landois, a frog deprived of its skin

can jump in a normal way. The muscular sense is also no doubt

supplemented by the sensibility of the joints, fasciae, etc. Again,

there may be loss of sense of the posture of the limb Avhile the cuta-

neous sensibility is normal.

The sensory nerves in the muscles are no doubt sensitive to many

gists, since Kant's time, who deny that pleasure and pain are sensations. Such a

debate is largely a question of terms and definitions. Tliere are, of course, psy-

chical pleasure and pain independent of bodily states; but this does not constitute

a reason for denying that there are also physical pleasure and pain, dependent en-

tirely upon bodily states.
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sorts of impressions, just as are sensory nerves elsewhere. Thus they
can convey painful impressions, as of cramps, already referred to,

and of inflammation. But this sensibility is not included in the term
muscular sense, which simply refers to the contraction, effort, and
location of the muscle. It follows, therefore, that a sense of resist-

ance, as well as of effort, is an important element of this sense. As
all muscular effort is directed against some resistance (if this is noth-

ing more than gravitation), it follows that in the normal state the

mind estimates with some degree of precision the force of the resist-

ance and the consequent force necessary to overcome it. Hence both
the sense of pressure and the sense of weight (the latter especially)

are important elements in the muscular sense. So also the sense of

movement and position are a part of this sense. The sense of fatigue

is no doubt due to an impression made upon the sensory nerves in

the muscles.

To test the muscular sense weights are generally used. They are

suspended from the foot or hand, or placed upon any part of the

body to be tested, and the patient then estimates their comparative
weight. To do this, especially if the weights are suspended, requires

a fine muscular adjustment and expenditure of force, which it is the

function of the muscular sense to estimate. These weights should be

of uniform size and feeling so that the patient cannot distinguish

between them. They may be hollow objects, as balls or cylinders,

which can be variously weighted with shot or sand.

Besides the abolition of the various modes of sensation there may
occur various modifications of sensation as results of disease. One
of the most important of these is pain, which has already been dis-

cussed. Another is parcesthesia. This is a state of changed or per-

verted sensibility, and is marked by a variety of modifications of

normal sensation. Among these varieties are burning, stinging, and

itching; also the sensation of ants creejjing on the skin (formica-

tion). Some of these approach closely to pain in character. There

is no objective method of testing for them; as they are entirely

subjective, the evidence of them rests entirely upon the veracity

and accuracy of the patient. These paraesthetic phenomena depend

probably upon mild forms of irritation of the peripheral sensory

neurons somewhere in their course. Hence they are seen in cases

of neuritis ; also in cases in which the neurons are irritated by for-

eign or toxic substances in the blood. An instance of the latter is

probably seen in some cases of mild poisoning by morphine, in

which itching is a disagreeable symptom. In gout, or the lithsemic

diathesis, similar symptoms are occasionally observed.

The special senses—sight, hearing, taste, and smell—are also
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subject to various clianges by disease. They may be abolislied or

variously modified. These affections will be described under the

diseases of their special nerves.

Disorders of Nutrition.

These are among the most common effects of peripheral diseases.

They are seen in the muscles, the skin, the subcutaneous connective

tissues, the vascular system, the joints, and, to a much less extent, in

the bones. The theories which have been advanced to account for

these trophic disorders are, none of them, entirely satisfactory. As
said already when describing the neuron (page 4), the axis cylinder,

or any other part of the nerve cell, will waste and perish when cut off

from its trophic centre—the nucleus. This is not difficult to under-

stand, seeing that the neuron is an anatomical unit and that its parts

depend for nourishment upon the nucleus. But this rule does not

liold good, of course, with other tissues, such as skin and muscle.

These tissues, while in direct anatomical relation with the neurons,

are not in direct nutritional relation with them, since they derive

their nourishment from their own independent vascular supply-. In

the case of the muscles, for instance, this vascular supply is copious,

and so far as can be seen from a study of the terminal arboriza-

tions of the motor neurons in the muscles, is not directh^ influenced

by these; yet the muscles are among the first of the various struc-

tures to degenerate after severe lesions of the nerves. One theory-, sup-

ported b}^ Samuel, attempts to exx^lain these changes by assuming

the existence of trophic nerves. How these nerves perform their

function is not explained ; their existence, moreover, is not demon-

strable. Duchenne said: "If we had no knowledge of such (i.e., tro-

phic) nerves, we should be forced to invent them"—a feat, by the way,

which some physiologists have been nothing loth to attempt. Weir

Mitchell, in his classical studies of injuries of nerves, made careful

examination of this subject, and decided against the theory of " ti-o-

phic" nerves, and he regarded with favor the possibility of disorders

of nutrition being produced by irritation of ordinary sensory and

motor nerves. Another theory relies upon the office of the vaso-

motor system ; but this too is not clear. It seems that all we know
is the clinical fact that lesions of the nerves cause nutritive changes

and that these are readily recognizable. These lesions may be either

irritative or destnictive. According to Lewaschew, quoted by
Gowers," if a cord is passed through each sciatic nerve and one
nerve is further stimulated with irritating fluids, trn])hic lesions

occur more readily in the limb of the nerve thus irritated than in the
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other. Destructive lesions, as section or inflammation o_ a ners^e,

are also followed by characteristic changes in nutrition. A rational

explanation of these changes, so far as the muscles are concerned at

least, is that when this tissue no longer acts it no longer assimilates

plasma. We have seen that something like this occurs also in the

neuron. In other words, the normal activity of a vital tissue is the

only cause that both requires and permits it to use up pabulum.

Function and nutrition are in the relation of cause and effect. Func-
tion, by consuming plasma, stimulates nutrition; without it there is

no demand for new plasma, hence nutrition grows weaker and weaker.

Weir Mitchell's general conclusions on the subject of trophic le-

sions following nerve injuries are as follows:"

Total section of the main nerve trunks of a limb results in atrophy

(of all tissues?) but not necessarily in inflammation. But it does not

prevent inflammation, nor, on the other hand, repair.

Partial wounds, especially gunshot lesions, give rise to trophic

changes in the skin, hair, nails, areolar tissue, and muscles. Except
the entire arrest of the growth of the nail, every trophic change that

can arise from injury or disease of the centres can also arise from
wounds of the nerves.

Section of motor nerves causes atrophy and contraction of the re-

lated muscles. Partial wounds of these nerves cause various degrees

of wasting and loss of muscular sense, and loss of power to respond
to electrical and mechanical irritants. *

Mitchell claims also that trophic changes in the skin, hair, and
nails are never present without some affection of sensation; but that

affections of sensation may exist without trophic changes.

Finally, trophic changes are most prone to follow wounds of

nerves which are distributed to the hands and feet, and occur more
rarely when the injury involves only the branches to the upper por-

tions of a limb.

Mitchell's statement that every trophic change that can arise from
central disease may also arise from injury of the nerves, is a most
important one. It may be considered, perhaps, rather too absolute,

and yet increasing knowledge of the nervous system (especially its

systems of neurons, their relations to each other, and to the periph-

eral organs) renders it more and more probable that this opinion,

formulated thirty years ago, will yet be found to be the correct one.

For it is certain that all trophic influence from the nerve centres must

be communicated by way of the peripheral neurons, and that this in-

fluence cannot be bad if these neurons are themselves perfectly

healthy. This is shown, for instance, in the case of the trophic le-

sions of locomotor ataxia, which is usually considered a central dis-
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ease; vet it is not a centi'al disease exclusively, or perliaps even

primarily and essentially, because it is a disease of the peripheral

sensory neurons ; lience its trophic lesions are not in reality of cen-

tral but rather of peripheral origin. It will be necessary, however,

in discussing trophic lesions here, to endeavor to make a distinction

between those that appear clinically to be of central origin and those

that are caused especially by affections of the nei-ves. These latter

alone belong to the present subject.

Trophic Lesions of the dluscles.

The muscles begin to exhibit trophic changes soon after they are

cut off from the cell body of the motor neui'ons in the anterior horns

of the spinal cord. Evidence of these changes may be observed in a

few days, especially in the electrotonus. Any lesion whatever that

acts as a desti-uctive or obsti'uctive one to cut off the nerve influence

will cause trophic distui'bance in the muscles. Hence all kinds of

Avounds and contusions, as well as pressure and inflammation, act

thus. Brown-Sequard attempted to draw a distinction between the

trophic effects of desti'uctive and those of irritative lesions of nerves.

Only the latter, according to this observer, were followed by truly

degenerative changes in muscles. This theory has now only historic

value, and seiwes to illustrate the excesses of pure physiological

speculation (Arnozan"). The exact changes in the muscles are not

merely such as would be caused by disuse, but indicate a rapid de-

structive process. Vulpian and others have observed that the mus-

cular fibre breaks down in granules ; fatty metamorphosis occurs in

these, and they are gradually absorbed. The connective tissue pro-

liferates, and finally the muscular tissue is entirely replaced by a

mass of fibrous connective tissue which contracts and presents no

elasticity whatever. These changes of course are soon apparent to

the eye in the altered contour and flabby appearance of the muscle;

as they progress, the body of the muscle diminishes in size; it no
longer feels or looks like muscular tissue, and finally is plainly

converted into a non-muscular substance.

The most characteristic changes shown in degenerating muscle are

the alterations in the normal electi'otonus. The normal response of

nerve and muscle to electi'icity has already been discussed (see page 21)

and will not be described again. In order to study the electrical

reactions in the clinic a definite but simple technique is essential.

First, the poles or electrodes should be widely separated so that

they do not interfere with each other. Tlie electrode which is to be
used to excit-e the muscle is called the active electrode ; it is held pref-

erably in a handle which contains an interrupter so that the current
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can be turned on or cut off instantly at the operator's will. Tlie other

electrode must be kejjt entirely away from the field of observation,

and hence is called the indifferent electrode. It should consist prefer-

ably of a large flat sponge, fastened uj^on a metal plate about six

inches square ; it can be held firmly by an attendant upon the pa-

tient's sternum. Both electrodes should be of metal covered with

sponge or absorbent cotton, and this latter substance as well as the

skin should be thoroughly wet. When using faradism it is of course

not necessary to observe the polarity, but when using galvanism the

I)oles should be changeable by an alternator on the keyboard ; thus

the observer has complete control of the current and the poles all in

one electrode. To increase current strength, most keyboards now

have appropriate devices; care must be used, however, not to give

painful shocks. A water rheostat can be used to obviate such shocks

when increasing the strength while using strong currents.

The first change noted in degenerating muscles is a gradual but

rapid decline in faradic irrital^ility. This begins usually in a daj- or

two, and in marked cases the extinction may be complete in a week,

or even less. Bowlby, '° from accurate study of a case of nerve section

in man, found that the faradic excitability of the nerve trunk dis-

appeared entirely by the third or fourth day ; whereas Erb states

that it gradually disappears in the third week in animals. Such

complete extinction denotes that the nerve influence is cut off abso-

lutel3^ The reason for this, as explained elsewhere, is that the mus-

cle normally has no faradic irritability of its own, and only responds

to this current by virtue of the faradic irritability of the nerves within

its tissue. Consequently when, in case of a nerve lesion, faradic

irritability is abolished in the muscle, the conclusion is safe that

the nervous influence is entirely cut off. This abolition of the farad-

ic irritability is one of the early symptoms of neuritis and of pres-

sure; it is seen especially well in Bell's palsy of the facial nerve, and

in pressure palsy of the radial. In order to observe it accurately,

the reaction of the muscle should be compared with that of its fellow

on the opposite side ; if both are paralyzed, the comparison should

be made with some other unaffected muscle. Of course in cases in

which the abolition is complete comparisons are not necessary.

Either a slow or a rapid interrupter may be used; in sniaU muscles

a rapid one is rather the better, and in weakened muscles, in which

the reaction is as yet only partly abolished, it is by far the better.

The reaction of the degenerating muscle to galvanism is much
more complex than to faradism. Taking as a type a case in which

the nerve influence is rapidly and completely cut off, as by sec-

tion, the phenomena are as follows: The irritability of the muscle
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is at first slightly decreased, then increased

—

i.e., the muscle will re-

spond to a weaker current than normally. This irritability dimin-

ishes again, and in a few weeks falls below the normal until in time

it entirely disappears, just as did the faradic, but in much longer

time. These changes are called quantitative changes. As the irri-

tability decreases, the reaction of the muscle to the two poles changes.

As already explained (page 26) the normal formula is

:

CCC > ACC = AOC > COC.

This formula means that the cathode at the closure of the current is

the most stimulating ; next, the anode at the closure of the current

;

next, the anode at the opening of the current ; and finally the cathode

at the opening of the current. This normal formula is subject to only

one variation in health, viz. , the AOC is sometimes greater than the

ACC, especially if the electrode be applied directly to the motor

nerve. In the great majority of cases, however, the normal formula

is as given. The degenerating muscle presents certain changes in this

formula. First, the cathodal closure contraction (CCC) diminishes in

force and as it does so the anodal closure contraction (ACC) in-

creases or at least does not diminish proportionately, so that the two

may equal each other or the anodal closure contraction may be even

stronger than the cathodal. The formula is then written as follows

for what may be called the first stage of degeneration

:

CCC = ACC > AOC > COC.

For a more advanced stage, when the anodal closure has become the

most stimulating, the formula is as follows

:

ACC > CCC > AOC > COC.

Finally, according to some observers, the cathodal opening con-

traction (COC), which is practically never seen in health except with

exceedingly strong currents, may appear unusually active in the de-

generating muscle, and may even surpass the anodal opening contrac-

tion (AOC), so that the formula for a still more advanced stage is as

follows

:

ACC > CCC > COC > AOC.

With reference to this last formula I can only say that in a large

number of observations, extending over years, I have rarely seen it.

In fact I have but seldom seen the cathodal opening contraction

(COC) as a result of disease.

As the muscle continues to degenerate, this reversed formula does

not change again, but the weaker reactions graduall}' disappear, the

ACC being the last faint response of the expiring muscle.

These serial changes are called the qiialitafive changes. They
have been investigated especially by Erb '° and called by him the i^eac-
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tio7is of degeneration (KD). They are subject to some modifications,

which are called partial RD aud Avhich should be carefully considered.

A third change noted in degenerating muscle is the modal change.

This is highly characteristic, and as it may be the only notable change

in some cases it has great importance. It consists in an alteration in

the manner or mode of the response of the muscle to the galvanic

current. In normal muscle still innervated by normal neurons the

response is quick and complete and subsides at once. The more

quickly the current is interrupted or alternated, however, the more

active the response of the muscle becomes. In degenerating muscle

cut off from its neurons all this is changed. The muscle no longer

responds promptly and in its full length to the current ; sometimes in

fact only that portion of it lying immediately under the electrode re-

sponds, and then in a sluggish way that is in striking contrast with

the normal activity. Moreover, the degenerating muscle does not re-

spond readily to rapidly and oft-repeated breaks in the current; on

the contrary, it rather requires a prolonged application of the elec-

trode so that the current may run for some appreciable time—in other

words, it responds better to slowly interrupted currents. A final

characteristic of this modal change is the tendency of the sluggish

contraction to endure the whole time the current is running between

the interruptions. This is a sort of tetany, the cause of which it is

difiicult to explain. As it happens during the passage of the current

it is called the "duration tetany," and its symbol is DT.
The "reactions of degeneration," as just described, are muscular

phenomena entirely. It must be recalled that in health the reactions

to both faradism and galvanism are due to the excitability of the neu-

rons, i.e., the axis cylinders in the nerve trunks, but that in the de-

generative cases which we are now considering these nerve trunks

are no longer in a normal state. When the neurons are degenerated

they lose their excitability to all stimuli ; hence in degeneration the

nerves early lose both their faradic and galvanic irritability.

All these changes in the reactions of degeneration are graphically

shown in the accompanying diagrams from De Watteville.

In Fig. 13 motility is lost at the first line (marked o) . The gal-

vanic excitability falls slightly in the first week, then rises, and finally

sinks to normal ; the wavy part of the line indicates the qualitative

changes already described. The faradic contractility of the muscle

falls and is soon entirely lost. In the nerve the excitability to both

faradism and galvanism indicated by a joint line sinks also rapidly

and disappears. Motion returns in the paralyzed muscle at the point

marked by the star on the line marked b. At this time the nerve is

regaining its excitability to both currents, and the muscle conse-
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quently is beginning to react to faraclism. The qualitative changes

(RD) continue, however, for some Aveeks longer, in accord with an

interesting and almost invariable rule that the degeneration in the

muscle does not entirely disappear for some time after its nervous

connections are restored. This diagram is of a case of complete but

not long-continued degeneration.

In Fig. 14 the reactions of degeneration are shown in an incurable

case of nerve injury. Motility is lost at the line marked o. The

muscle shows a slight initial decrease in galvanic excitability, fol-

lowed soon by the characteristic increase and the appearance indicated

by the wavy line, of the qualitative or serial changes. This galvano-

excitability then gradually declines until it becomes extinct after

many weeks. The farado-excitability of the muscle falls quickly and

disappears in three weeks. In the nerve the electro-excitability for

Degeneratfan Atroplij' of, and tnulilplication of Cirrhosis,
pf nerves. nuclei in, Uie muscular.fibres.

•
: Regeneratioiu

Fia. 13.—Diagram Showing Changes in RD in a Case of Trophic Lesion with Recovery.

(De Wattevilla.)

both currents falls even more quickly, and is lost in the second week.

No recovery from the paralysis occurs ; the muscle permanently de-

generates, and the electro-excitability in both nerve and muscle is

ultimately lost forever.

These diagrams, as De Watteville says, are intended to represent

typical cases merely. These are cases in which the nerve influence

is cut off entirely, as, for instance, by a complete section of the trunk

of the nerve, or by a completely obstructive lesion, as, for instance,

a localized inflammation, such as occurs frequently in the seventh

nerve. In all such cases the phenomena for the first few weeks are

identical, and only vary later according as the injury remains perma-
nent, as in section, or a cure results, as in inflammation. These varia-

tions are shown in the diagrams, one of which is from a curable, the

other from an incurable case.

Many cases, however, are not typical, and these present variations

from the classical reactions of degeneration. Such cases are those
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especially in which the degenerative process is not complete ; hence

there is displayed a partial RD. It may be supposed that in numer-

ous cases, both of nerve injury and of inflammation, the lesion is not

completely destructive. There may be sufl&cient injury or pressure

to interfere with free and full passage of nerve impulses, but not

sufficient to shut them off completely ; or some axis cylinders may

be more injured than others. In such instances—and they are nu-

merous in the clinic—the muscle or muscles are not completely para-

lyzed, and recovery may not be long delayed ; and it is in these cases

that the classical reactions of degeneration often fail to appear.

This partial reaction of degeneration has a number of varieties.

In the mildest cases there may be merely a slight diminution in farado-

contractility, noticeable on comparison with the corresponding muscle

on the opposite side. In more severe but still mild forms the farado-

contractility may be abolished and the galvano-excitability of the

Se?. ofnerve AtroDhv. mutt of nutlet. cirrTiosis. Final 9isanpearance.

Fig. 14.—Diagram Showing RD in a Case of Trophic Lesion Without Recovery. (De Watteville.)

muscle modifi.ed merely in the modal change already described.

Thus the muscle gives a sluggish response and shows a tendency to

the duration tetany (DT), which is highly significant. This may not

be accompanied with true serial or qualitative changes and yet it is

an invaluable indication of some degree of true degeneration. Erb '"

describes a partial ED in which the muscle displays both the quanti-

tative and qualitative changes, but in which the nerve does not en-

tirely lose its electro-excitability to either current. In such a case

the injury to the nerve is evidently but partial, and while preventing

the passage of the impulses upon which depend the motor and trophic

functions, is not sufficient to oppose the passage of impulses excited

by the active stimulation of electricity. Such cases are sometimes

seen in Bell's palsy and in various pressure palsies.

It is not worth while to point out all these minute and manifold

departures from the type. They can be recognized clearly and their

true value estimated only by one who understands thoroughly the

typical reactions of degeneration already described.



78 LLOYD—CEREBROSPmAL AND SYMPATHETIC NERYE8.

The significance of the ED in tlie clinic is very great. These re-

actions always show infallibly that the muscular tissue is degenerat-

ing because it is deprived of the subtle trophic influence of the neuron.

This may be caused, as already explained, by any lesion whatsoever

that cuts off the muscle from that part of the neuron containing the

nucleus, i.e., the large multipolar cells in the anterior cornua of the

spinal cord. Hence the RD is always an indication of an affection

of the cerebrospinal nerves or of the anterior horns of the spinal

cord, or, to state it concisely, of the peripheral motor neurons. These

reactions never occur in cases of cerebral palsy from any cause, as

hemiplegia from capsular hemorrhage ; or in cases of diseases of the

spinal cord that do not involve the anterior horns, as descending lat-

eral sclerosis, locomotor ataxia, or transverse myelitis above the seat

of the neurons. Whatever apparent exceptions to this rule occur in

such diseases are satisfactory proofs that for some reason the disease

process has spread so as to include these peripheral motor neurons.

On the other hand the KD, partial or complete, is a usual accompani-

ment of acute anterior poliomyelitis, of all forms of neuritis, and of

all kinds of injuries to nerves.

While, therefore, the clinical significance of these reactions is fully

apparent, it does not necessarily follow that their exact pathogeny

is very clearly understood. In other words, there does not appear

as yet any sufficient explanation why degenerating muscular tissue

should present these changes in its electro-excitability. It cannot

even be said that it is known exactly what stages in degeneration,

i.e., what minute histological changes, underlie the various stages of

the RD. From what is known of degeneration of the muscular tissue,

it can only be surmised that the changes in the protoplasm of the

muscular fibre determine in some way the altered electro-excitability.

But to exjilain this seems to be as hopeless as to explain any other of

the occult qualities of organic matter. The clinical facts already

given, however, are practically all that concern us in this place.

The diagnostic importance of the ED is now apparent from what

has been said. The ED is of absolute importance in determining

within certain limits the seat of the lesion, i.e., it indicates always an
affection of the peripheral motor neuron. It is only of relative im-

portance in determining the nature of the process taking place in the

neuron, i.e., it merely indicates that this process must be either de-

structive or obstructive. It is finally of no practical importance in

determining the cause of the lesion, which, therefore, must be sought

for in other clinical signs and in the history of the case.

In estimating the electro-excitability of nerves and muscles a

knowledge of certain normal variations is essential.
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First, it is important to know that all the superficial nerves of the

human body are not excitable in health to exactly the same extent.

These variations probably depend largely upon the degree of resist-

ance offered by the surrounding and overlying tissue of the nerve-

trunks. This factor, however, may not be the only one, for the in-

dividual neurons in some nerves may, for aught that is known to the

contrary, be more excitable than those in other nerve trunks. The
clinical fact is as stated. The most excitable of the superficial nerves

is the spinal accessory. This fact can be tested by applying a weak
faradic current to the various nerves of the bodj^ in turn, and grad-

ually increasing its strength; such a current, slowly increased, will

excite a response in the spinal accessory nerve before it does so in

any other nerve. This nerve lies very close to the surface, and the

skin overlying it is softer and more delicate than that overlying some
other nerves ; these facts evidently have an important bearing on the

subject. In making such tests, however, it is absolutely essential

that the skin and the electrodes should be equally wet, that pressure

should be as evenly gauged to each nerve as possible, and that all the

conditions should be as nearly the same as possible. The degree of

excitability of the several superficial nerves has been variously esti-

mated, and may not be absolutely the same for all individuals. Con-

ditions as to fat, thickness of skin, etc., vary so much among persons

that no table can be absolutely fixed. The following, however, from

Hughes Bennett" is believed to be as nearly accurate as can be

attained

:

Spinal accessory.

Branch to levator anguli scapulae.

Ulnar.

f
Median.
Facial.

Cervical plexus.

Anterior crural.

^External popliteal.

j Musculo-spiral.
( Internal popliteal.

As shown in this table some nerve trunks have practically the

same degree of excitability; for instance, the median, facial, and
others included in the bracket. This fact is important for purposes

of comparison. For example, as Bennett points out, if both lower

limbs are paralyzed it is impossible to compare the degree of irri-

tability of one external popliteal with that of the other, but as in

health this irritability is equal to that of the facial and median, these

latter nerves may be used as standards for comparison.
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Second, the motor 'points of tlie muscle are its most excitable parts.

A motor point simply marks tlie place of entrance into the muscle of

its motor nerve. These points are not quite so excitable as the nerve

trunk itself, but they are more excitable in health than the muscles

themselves. In fact, being the points of entrance of the nerves into

the muscles they display nerve irritability rather than muscle irri-

tability ; consequently in degeneration, when the neurons have ceased

to respond to any form of electricity, these points are not more excit-

able than other portions of the muscles. In health they may be said

to occupy an intermediate place, with reference to excitability, to the

nerve trunk and the muscle proper. The farther they are located

from the nerve centres the less excitable they become. For compari-

son the ulnar nerve may be tested ; the nerve trunk at the inner con-

dyle of the humerus will be found rather more excitable than the

motor point of the flexor carpi uluaris.

The muscles themselves, outside the influence of the motor points,

are much less excitable than at these points, but they vary very much
among themselves and among individuals. These variations prob-

ably depend upon the richness of the nerve supply to the muscle, i.e.,

the number of nerves ramifying in the substance of the* muscle, the

richness of their arborizations, aiid their proximity to the surface.

No definite rule and no systematized table can be given for all these

variations in the human body. As a general rule it may be said that

the larger muscles with coarser fibres (as the glateus maximus) re-

spond less readily than do the smaller" muscles of finer texture. In

health it must be remembered the response of the muscle, even when
the electrode is applied directly to its body and not to its nerve or

motor i)oint, represents the irritability of the nerves within its struc-

ture ; hence the response in health differs in mode, quality, and qituii-

tity from the response in degeneration, when the nerve supply is cut

off, as has been already explained.

Tropliic Lesions of the Shin and its Appendages.

The disorders of nutrition in the skin, nails, and hair caused by

diseases of the peripheral nerves are numerous and important. The
recognition of these trophic changes is still comparatively recent. In

1831 Bright (quoted by Wood"') noted the possible relationship of

herpes zoster to disease of the nerves. This seems to have been

merely a shrewd speculation rather than a scientific demonstration,

but it was one of the earliest hints in literature of a great truth.

Before 1849 Brown-Sequard following S. van der Kolk, had experi-

mented by cutting the sciatic nerve in the rabbit. In 1857 Parrot

claimed that herpes or zona was a secondary manifestation of certain
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neuralgias. Charcot ''^ in 1859 was the first who demonstrated the

connection of zona with a wound of a nerve. Later this observer and
others (Barensprung et al.) demonstrated the pathological anatomy of

the nerve trunks and sj)inal ganglia upon which the symjjtoms dejjend.

It thus appears that herpes zoster was the skin lesion that first drew

attention to the trophic influence of the nerves upon the integument,

and that this recognition is closely associated with the name of Char-

cot, Even at that date the peripheral sensory neuron which has its

seat in the intervertebral ganglion was clearly but unwittingly shown

to be implicated in the disease process. Bowlby'" states that Hilton,

in his lectures on "Eest and Pain," was, with Paget, the first author

to draw attention to the altered nutrition of the parts supplied by a

divided nerve ; but this reference by Hilton can scarcely claim prece-

dence over Charcot's case.

The further and complete elucidation of this subject owes much to

the Civil War in America. This war gave unequalled opportunity for

the study of nerve lesions, which strangely had been almost ignored

in former great conflicts. To the genius and industry of Mitchell,

Morehouse, and Keen, who had the insight to seize this great opjjor-

tunity, science owes the first attempt at a complete presentation of

this subject on a large scale.

Among other early observers Paget," who demonstrated the

"glossy skin" of neuritis, and Hutchinson, ^^ who observed the pem-
phigoid eruption which follows nerve injury, deserve special mention.

After the American Civil War, which had introduced this subject to

the scientific world on such an heroic scale, the literature of trophic

disorders increased rapidly, and now forms a library in itself. Refer-

ence to the more important and original of these works will be made
under separate headings. (See also Vol. V. of this series.)

Brown-Sequard was the first to insist upon a distinction between

the effects of destructive and those of irritative lesions. Some of his

distinctions are erroneous, as for instance in the case of the muscles

;

but others, especially in the case of the skin, have some reason

for them. Mitchell inclines to the view apparently that there is an

element of "irritation" necessary to produce trophic lesions in the

skin. He says that these lesions seldom appear early in cases of

nerve injury, and that they are most likely to occur in cases in which

the wounds fall into inflammation. As they do not arise in all cases

of nerve injury he seems to imply that such injuries require some

form of irritation to cause cutaneous symptoms. He furthermore

says that trophic lesions never follow nerve injury unless there is

also some motor or sensory paralysis ; in other words, the trophic

function is never the only one to be affected. This author, indeed,

Vol.. XI.—

6
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says that trophic lesions in the skin are always accompanied with

some disorder of sensation, either dyssesthesia, anaesthesia, or hyper-

aesthesia. As we have seen already that there is no evidence what-

ever of distinct trophic neurons, this clinical observation of Mitchell is

in accord with the most reasonable theory, namely, that the ordinary

neurons of motion and sensation have trophic functions. It is an

undoubted fact that many observations of nerve injuries had been

made and accurately recorded before the American Civil War. The
names of Earle, Bell, Cline, Hamilton, and Astley Cooper in Great

Britain, and of Feron in France, are associated with such cases (Ave-

zou'^). This fact, however, does not detract from the originality and

value of the work by the American army surgeons.

Recently the tendency among some physiologists has even been

to deny the trophic influence of nerves. Thus Krause, from the re-

sults of excision of the Gasserian ganglion and of the trunk of the

fifth nerve centrad to it, concludes that there is no such function.

Turner, after experiments, came to apparently similar conclusions.

The trophic disorders of the skin and its apjoendages (the nails

and hair), and of its underlying connective tissue, may be divided

into groups as they present themselves in the clinic. Only those

that are associated with diseases of the peripheral nerves will be de-

scribed. A somewhat large group of trophic disorders, both in the

skin and in the joints, is as yet almost exclusively associated with

diseases of the nerve centres. These also probably depend in fact

upon disease of the peripheral neurons, and so naturally should be

included in the groups made up of those which we are considering.

Thus acute decubitus and arthropathy evidently depend upon affec-

tions, in part at least, of the peripheral neurons either in the si)iual

cord or the intervertebral ganglia, yet so far as we know at present

they are not seen in diseases of the peripheral nerves exclusively.

To attempt to give a reason for this difl'erence would lead to mere

speculation, but it would seem to depend upon the fact that for the

production of such trophic lesions as spinal arthropathy the involve-

ment of the spinal connections of the neurons in the central gray

matter is essential.

Pathogeny.—Before proceeding to a description it is worth while

to consider the possible action of two alleged contributory causes for

trophic lesions, viz., disuse and injury.

Disuse cannot be conceived of as a cause of such skin lesions

as large vesicles, like pemi)higus and bullae. However plausible

the theory of disuse may appear in case of the muscles (and there it

is easily disproved by the j)henomena of degeneration), it certainly

receives little if any countenance in case of lesions of the skin. The
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oedema and glossy skin might be supposed to be due to a sluggish

circulation due to disuse—but if this were so, why are not these phe-

nomena seen in cases of paralysis from lesions of the brain and cord?

The desquamation not infrequently seen in long-standing cases may
indeed be in part secondary to disuse, to altered secretion of sweat,

and to difficulty or neglect in taking care of the limb ; but with this

possible exception little if any importance can be attributed to disuse

exclusively

.

Injury as a contributory cause of trophic lesions cannot be lightly

ignored. Patients with anaesthetic limbs may readily receive hurts

of which they know nothing. A patient with syringomyelia in a

Philadelphia clinic was known to have burnt his fingers without his

knowledge because of his thermoansesthesia. In such a case the

injury, acting upon a limb in which the trophic functions are im-

paired, might readily act as an exciting cause. But these lesions,

once started, often proceed to frightful mutilations, as the loss of

part of a finger, which would not be the case probably in a healthy

person. Bowlby noted in some of his patients that injury was the

starting-point of an ulcer or inflammation of the finger. A blister

recklessly and improperly applied to the region of the spine in some
cases of acute disease of the spinal cord has been known to result in

an ugly and obstinate sore. In all such cases, as is readily seen,

what ordinarily would be a slight injury results in a serious one.

The conclusion is warranted that trophic lesions may have their start-

ing-point in external injury, but such injury is neither essential nor

common in these cases. A strictly speculative paper on the theories

of trophic lesions has been published b}^ Poore.^'

The most common trophic disorders of the skin are erythema,

glossy skin, herpes zoster, urticaria, pemphigoid and bullous erup-

tions, eczema, oedema, phlegmon, destructive whitlow, and malforma-

tions and shedding of the nails.

Erythema and Glossy Skin.—One of the commonest as it was one

of the earliest of these lesions to be observed is erythema with glossy

skin. These are so intimately associated with each other and with

oedema that it is difficult to describe them apart. Paget ^^ was among
the first to call direct attention to this condition ; since he wrote it has

frequently been recognized. Before Paget, however, Hamilton^*" had
referred to the redness and oedema of the skin in a description that

was lifelike. The onset and appearance are somewhat as follows:

After nerve injury or disease symptoms of irritation are present,

such as neuralgia. This neuralgia has often a characteristic quality

;

it is a burning pain as well as an ache, hence it has been called caus-

algia (from the Greek words xauffu?, a burning sensation, and a'/^;'"?,



84 LLOYD—CEREBROSPINAL AND SYMPATHETIC NERVES.

pain). The limb, or the part especially supplied by the affected

nerve, as for instance the fingers, becomes swollen and mottled, or,

as Paget wrote, "blotched as if with permanent chilblains." The
oedema is often quite tense and brawny. The skin becomes smooth,

glossy, devoid of wrinkles and hair, and usually unnaturally dry.

In some cases there is a tendency to shed the epithelium. The fin-

gers become tapering and the nails may begin to show trophic

changes. The parts, as already said, are the seat of severe pain, and

must be touched and handled with care. Mitchell insisted that

this state of the skin was never present without burning pain, a state-

ment to which Bowlby takes exception. But certainly even if excep-

tions occur the rule usually holds good.

Glossy skin may appear early and may continue for a long time.

Bowlb}^ saw it in a case in which it had lasted for twelve years;

in another case it had lasted ten years. In some cases in which pain

is no longer a prominent symptom causalgia may recur at intervals,

especially in cold weather. Paget says that glossy skin may follow

" shingles" or ordinary herpes zoster, as well as common neuralgia.

In the latter case this would be a clear sign that the nerve was the

seat of some definite irritation. When long continued, glossy skin

is rather an unfavorable sign, as it indicates of course an intractable

state of the nerve ; but in many cases it is not long continued, and,

on the whole, as Mitchell says, the prognosis is favorable.

(Edema.—This is not an unusual result of inflammation and in-

jury of nerves. In multiple neuritis oedema of the legs is very com-

mon. In injury of single nerve trunks this condition, while not so

common, is still common enough to be a sign of importance. In poly-

neuritis it appears as a rule rather promptly, at least it is usually well

seen by the time the patient is ill enough to take to bed. In case a

single nerve is injured, the swelling may be limited to the area of its

distribution, and if this swelling is accompanied with pain and altera-

tion in the color of the skiu the resemblance to an acute inflamma-

tion or phlegmon may be misleading. In Hamilton's early case,

already quoted, the back and palm of the hand were swollen and pain-

ful and the skin was reddened, so that the appearance of commenc-
ing abscess was simulated ; but this swelling and redness disappeared

over night, to be repeated subsequently. Watson, according to Mou-
geot, cut deeply into such a swelling, mistaking it for an abscess. In

some forms of neuralgia, especially of the trigeminal nerve, swelling

of the subcutaneous tissue is seen.

The cause of this oedema is not absolutely known, but it probably

depends, in part at least, upon paralysis of the vasomotor nerves.

Urticaria.—This is not a common trophic lesion. Charcot men-
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tions having seen an eruption of urticaria follow the fulgura.nt ijains

of tabes. I have never seen this, and I do not recall any other refer-

ence to it.

Herpes.—An herpetiform eruption, as already said, was the first

variety of troi)hic lesions of the skin to attract attention. It is char-

acterized by a group of vesicles on an inflamed base. It is usually

accompanied with symptoms of irritation, such as intense burning

pain, neuralgia, etc.
,
just as in the case of true herpes zoster. Some

observers, as Charcot, who cling to the distinction made by Brown-

Sequard between destructive and irritative lesions, say that herpes

is seen only in the latter cases ; that this eruption never follows clean

and complete section of the nerve. Charcot's case, which was the

first on record, occurred in a man who had received a bullet wound in

the thigh. It has been debated whether herpes ever follows a purely

central lesion of the nervous system. Cases have been reported which

seem to show that it can follow such lesions. Schmidt, quoted by

Ross," had a case of injury to the lumbar spine in which an

herpetiform eruption came out along the courses of the first and

second lumbar nerve ; but this may have been, and probably was, due

to injury and irritation of the nerves and nerve roots "within the

spinal canal or at their exits. Herpetiform eruptions undoubtedly

occur in locomotor ataxia, but the peripheral sensory neurons are so

much involved in that disease that the trophic lesion may well be

supposed to be caused by an irritation of them ; moreover, in tabes

this eruption usually accompanies or follows crises of fulgurant pains

and appears along the course of those nerves which evidently have

been the seat of these pains. A very few cases of hemiplegia have

been reported in which herpes appeared promptly on the paralyzed

side, but these cases are open to the grave objection that apparently

no post-mortem examination of the nerve was made. In one case of

hemiplegia followed by herpes, reported by Charcot, it was found

that the hemiplegia was not the cause of the herpes but that the

eruption evidently depended ui)on irritation of the ganglion on the

posterior root of one of the sacral nerves, due to an embolus in a con-

tiguous artery. The evidence is in favor of the theory that herpeti-

form eruptions are due to some irritative lesion of the peripheral

neurons ; and, as the symptoms of irritation are usually marked by

pain, etc., that the sensory neurons especially are implicated.

This " traumatic" herpes or zona appears usually rather late,

although this is not an absolute rule. Depending, as the lesion prob-

ably does, upon irritation of the nerve, it occurs only after such irri-

tation is set up, and the time for this of course varies. It may occur

after the original injury has healed, or other exciting cause has ceased



86 LLOYD—CEBEBEOSPINAL AND SYMPATHETIC NERVES.

to be operative. According to Mougeot" neuralgic symptoms are

not essential in symptomatic herpes, for a few cases have been ob-

served in wliich they were absent. In many cases the eruption is

recurrent. It usually follows the course of the nerve or appears in

the territory supplied by the ramifications of the nerve, and observa-

tions to the contrary are ojjen to doubt.

The question arises, Is traumatic or symptomatic herpes the same

thing as the herpes zoster or zona of the dermatologists? There

seems to be no doubt that the two are practically identical so far as

their clinical aspects go. The two forms differ apparently only in

the fact that one is due usually to trauma, the other to an unknown

source of infection ; the essential cause, irritation of either the nerve

trunk or ganglion, is the same in both. In ordinary herpes zoster

the mode of introduction and exact manner of action of the cause are

obscure ; this may be even microbic in nature, for aught that is known

to the contrary. In the traumatic variety the introduction of the

cause is not so obscure, although its exact nature, whether microbic

or not, is as much unknov/n as in the former instance. Baren-

sprung" found the spinal ganglia affected and the intercostal nerves

thickened and injected in herpes zoster; and a similar pathology

seems to be indicated for the traumatic or symptomatic variety.

The spinal ganglia, according to Edinger,'" have been found dis-

eased only in a few cases, but according to our observations these

cases are now sufficiently numerous to establish the important fact of

a direct etiological relation. The interesting cases, for instance, of

Wiss and Wiedener, in which herpes zoster had affected the eyeball,

and autopsies had revealed extensive diseases of the Gasserian gang-

lion (referred to under the heading of diseases of the fifth nerve), are

cases in point. According to Edinger the physiological observations

of Gaule indicate that certain elements of the spinal ganglia have a

vasomotor trophic influence on the skin and muscles. He thinks that

these may be sympathetic fibres which in great numbers surround

the cells. According to Yulpian, Wollenberg, and others, important

changes in the spinal ganglia have been observed in tabes not asso-

ciated with herpes or similar lesions.

Pemphigus.—In addition to herpes there maj^ be other vesicular

eruptions, the most common of which is pemphigus, or pemphigoid

bullae. Hutchinson, Charcot, Weir Mitchell, and other early ob-

servers noted this. These bullae may appear either early or late in

the case. Mitchell saw the thumb covered with a large bulla on the

fourth day after injury to the nerve at the wrist. Bowlby says that

vesicular erux)tions are common for some months after the primary

lesion, but that he had not seen or heard of such symptoms appear-
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ing in old-standing cases. But I Lave recently reported a case of

spina bifida in which trophic or symptomatic pemphigus was seen.

The case is as follows ":

C. E , female, aged 9 years, had a spina bifida of the lumbar
region, involving the first three vertebral arches. She was paralyzed
in her legs and had badly deformed feet, presenting an extreme varus.
There was some wasting of the muscles below the knees. There was
slight foot clonus on the right, none on the left. The patellar reflexes

were abolished. The patient had no control of the bladder, and
diminished control of the rectum. The tactile sense was very blunt
below the knees, if not abolished. Above the knees a line of demar-
cation of the anaesthesia was well marked; slight sensation was
preserved on the inner side of the leg. The thighs were sensitive.

To heat and cold sensibility below the knees was abolished, above
the knees it was normal. All the muscles of the thighs and legs re-

sponded normally to the faradic current, except the peroneal group.
To galvanism in strong currents there was complete abolition of re-

sponse in the peroneal group. Slight modal change was noted in the
flexors of the big toe. The mother reported that the child was liable

to the formation of "bladders" on the legs, i.e. bullae, leading to
trophic sores. These sores left scars after healing. • In the bullous
stage they resembled pemphigus. On the girl's admission to the
Home for Crippled Children one of these trophic suppurating sores
was seen on the left great toe, looking almost like a perforating ulcer.

The fronts of the tibiae were marked by the scars of these sores.

In considering this case, the following points are important. The
type of spina bifida was meningomyelocele, in which type the in-

volved portion of the spinal cord is not properly developed and the

nerve trunks are implicated in the diseased mass which protrudes

from the opening in the spinal canal. Some, but not all, of the

neurons were involved in this case, as shown by the anaesthesia,

altered electrotonus, paralysis, atrophy, etc. The case was con-

genital, hence of long standing. The trophic lesions occurred with-

out signs of irritation. The bladder and rectum were involved, evi-

dently from deformity in the cord itself.

As in this case, pemphigus, when the bulla breaks, discloses an

ulcerating sore, which may heal up in a short time, or may be more
intractable and even lead to quite extensive necrosis of tissue. In

either case it leaves scars. Hutchinson noted that extensive whitlow

may result from such a bulla. Pemphigoid eruption, like herpes,

is more apt to result from wounding and irritation of a nerve than

from the complete section of it. Eoss cites a few instances in which

bullae appeared in cases of disease of the spinal cord, but in none

of them is it plain that this lesion was not due to irritation of the

nerve roots. The case from Chvostek, in which pemphigus oc-
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currecl in the fonrtli week after a hemiplegia due to hemorrhage in

the left temjDoral lobe and lenticular nucleus, is open to doubt unless

the peripheral nervous system was carefully examined.

Eczema.—It is doubtful whether true eczematous eruptions occur

as trophic sores after nerve lesions. A general consensus of opinion

seems to range the vesicular trophic eruptions under the head of

either herpes or pemphigus. These vesicular eruptions, especially

the bullous kind, often constitute an early or initial stage of destruc-

tive lesions, such as ulcers, phlegmons, and whitlows. But these

lesions are not properly eczematous in any of their stages. Some of

the early observers described eczematous eruptions, but it is ajjparent

from their writings that they referred to the phlyctenular and her-

petiform lesions, often proceeding to ulcer and whitlows, already

described.

Changes in the Nails.—Trophic changes in the nails are not un-

common. Weir Mitchell" was among the first to describe them.

They are observed in central as well as in peripheral diseases. Thus

they are seen in syringomyelia especially. Of peripheral affections

they are seen most strikingly in cases of wounds of the nerves. In

cerebral lesions, as in cases of hemiplegia, I have not noted the com-

plete arrest of growth of the nails, of which Mitchell speaks ; but the

growth is probably somewhat retarded in these cases.

The various alterations in the nutrition of the nails, due to nerve

lesions, are arrest or retardation of growth, curvature in the antero-

posterior diameter, transverse and longitudinal fissures, grooves, and

cracks, shedding of the nail, and hyj)ertrophy and deformity.

The portion of the nail that is altered, as by grooves and furrows,

is sometimes well demarcated from the healthy nail, the line of sepa-

ration indicating the time or stage when the lesion occurred. Shed-

ding of the nails is a common accompaniment or result of whitlows.

It may occur, however, independently of whitlow, as I have seen it do

in syringomyelia. S. van der Kolk cut the sciatic nerve in animals,

and observed that, among other troi)hic changes, the nails were shed.

The nail may also undergo an hypertrophy and be much deformed

in shape. In some cases it becomes dry, brittle, and scaly. Trophic

lesions of the nails may occur in cases in which there are no nerve

lesions. I have under observation an artist, who for twenty years

has had curious changes in his finger nails. These have become very

thin and brittle, so that the edges cause great annoyance by catching

on clothing and other objects, and thus tearing off down to the quick.

Ridges or grooves have formed, not in the transverse, l^ut in the

longitudinal diameter of the nail, and a great central ridge divides the

nail into two halves. By a singular coincidence this man has recently
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developed a true scrivener's or draughtsman's palsy, due to over-

work.

Changes in the Hair.—As already stated, falling of the hair is an

accompaniment of glossy skin in that state which sometimes follows

wounding of a nerve. In animals section of the sciatic nerve causes

falling of the hair almost always, but this grows again even in cases

in which the nerve is not regenerated (Arnozan''"). The growth of

hair may be increased in abundance by lesions of nerves. Thus
Hamilton,'* in 1838, reported a case of injury to the musculospiral

nerve in venesection, in which the arm became covered with an exces-

sive growth of hair. H. C. Wood refers to a case of arsenical paraly-

sis, in which the legs became covered with a growth of hair. Such a

growth is probably favored by disuse of clothing and exercise.

The abundance of the hair is not only affected in nerve lesions,

but the character of the individual hairs may be altered. Thus the

hairs may become thinner, or thicker, or more brittle than in health.

In some instances of severe neuralgia the hair seems to become mor-

bidly sensitive, but this is only apparent and is due to the hypersen-

sitiveness of the underlying skin, for the hair itself is never sensitive.

Decoloration and alterations in color of the hair, as results of

nerve lesions, are subjects of much obscurity. Cases of migraine and

severe neuralgia, in which the hair has turned gray in limited areas,

have been reported. While some of these cases appear too well sup-

ported to be denied, many of the sensational tales told of persons

whose hair has turned white in a single night under the influence of

emotion are probably spurious. H. C. Wood '^ has collected some

of these tales, to which he seems to give credit. Byron, the poet,

evidently believed in this canities, for he makes the prisoner of

Chillon explain that his

" Hair was gray, but not with years,

Nor grew it white in a single night,

As some has done from sudden fears.
"

Kaposi has denied, according to Arnozan, the possibility of such

cases. The cases of alopecia, followed by a growth of parti-colored

hair, are probably not due to nervous influence, as was formerly be-

lieved, but to parasites.

Trophic Lesions of the Bones.

Trophic changes in the bones, as results of nerve lesions, are very

common, but the whole subject is still involved in much obscurity.

These changes occur in cases as well of central as of peripheral dis-
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ease. Tlie several varieties of these changes, however, are not ob-

served with equal frequency in both these classes of nerve lesions;

in fact, some of the most important of these trojjhic lesions are seen

to follow diseases of the spinal cord only. In consideration of the

facts, however, that the peripheral nervous system is made up
entireh^ of neurons which have their courses largely in the spinal

cord, and that it must be by way of these neurons that trophic influ-

ences, for good or ill, pass, it is difficult from an anatomical stand-

point to make the distinctions which, nevertheless, are patent in the

clinic. Thus a so-called spinal arthropathy must be the result of an

affection of the peripheral neurons
;
yet, so far as I know, this form

of arthropathy does not show itself in cases of pure perijiheral dis-

ease, as, for instance, neuritis. It thus seems that in order to pro-

duce this affection, the neurons must be involved in their course

within the spinal cord.

Arnozan surveys this whole field, and classifies the following

varieties of trophic lesions of the bones and joints. 1. In cases of

arrested development, especially in cerebral atrophy or what we now
call porencephalon, the bones and joints share in the failure to devel-

op; contractures and a sort of fibrous ankylosis occur. 2. In the

osteomalacia of the insane; this leads to fractures, so common in

dements and chronic lunatics. 3. The bone lesions of locomotor

ataxia— the true tabetic arthropathy ; here also sometimes occur

spontaneous fractures, with exuberant callus. 4. The bone changes

seen in scleroderma, leprosy, and hemifacial atroph3^ 5. The bone

lesions following peripheral nerve injury. S. Weir Mitchell says

that wounds of nerves can develoj) inflammatory conditions of joints,

which " so precisely resemble rheumatic arthritis in their symjDtoms

and results that no clinical skill can discriminate between the two."

Such well-marked pseudorheumatic joints, following nerve injury,

are not so common or so confusing in my observation as this state-

ment seems to imply ; but cases of very stiff and painful joints with

fibrous ankylosis, following injuries to nerves, do undoubtedly occur.

A not uncommon instance of this is seen in the shoulder-joint, follow-

ing injury to the circumflex nerve, due to dislocation of the head of

the humerus ; in such cases the deltoid is paralyzed and atrophied,

and exhibits the reactions of degeneration. 6. Finally, the articular

lesions, pseudorheumatic, closely resembling those in the last group,

which follow hemiplegia and some acute diseases and injuries of the

spinal cord. Gull," in 1856, reported the case of a man, aged thirty

years, who had a tumor of the upper dorsal cord, and whose symp-
toms simulated i^hthisis pulmonalis. Gradually increasing paraplegia

with incontinence came on. He had painful joints, and these led to
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the erroneous diagnosis of rheumatism. In a second series of cases,

Gull reported two other cases of cord lesions with rheumatoid
joints. This reminds us of the fact that, in 1831, John K. Mitch-

ell " advanced the theory of the spinal or nervous origin of rheu-

matism. Talamon'" makes the following distinction: in locomotor

ataxia the arthropathy begins in the. bone, the nature of the disorder

being still unknown; while in hemiplegia, cord lesions, and nerve

wound there occurs an arthritis beginning in the synovial mem-
brane. I am not sure that this distinction is founded on fact, but,

so far as nerve lesions are concerned, the arthropathy, as Talamon
says, appears to be limited in the main to the membrane.

From the above it appears that of the variety of bone lesions fol-

lowing nerve lesions, a small proportion are due directly to disease or

injury of the peripheral nerves. As we are concerned here entirely

with this last-mentioned subject, I shall describe these particular

bone lesions only.

Experiments on the lower animals have tended to prove that injury

to the nerves causes changes in the bones. Schiff (quoted by Ogle")

found that after dividing the crural and sciatic nerves of a dog, " the

bones of the paralyzed side are less voluminous than those of the

opposite side, while the periosteum of the paralyzed side is thickened

and composed of many layers, often numerous and easy of separa-

tion." Moreover, " the diminution of the inorganic component parts

had so far proceeded that the neck and lower end of the femur and
the upper end of the tibia had become quite cartilaginous, soft, and
flexible." Later the bones hypertrophied, especially in young ani-

mals. Schiff concluded that the immobility of the muscles caused the

atrophy of the bone, the hypertrophy being caused by alteration of

nutrition arising from paralysis of vascular nerves. Oilier found that

the incisor teeth in a rabbit fell out after division of the maxillary

nerve. He also observed that section of all the nerves in a limb
caused shortening of the bones.

In man clinical observation proves undoubtedly that injury of the

nerves causes changes, especially in the joints. Weir Mitchell states

that these arthritic changes may appear early or late. A large artic-

ulation may be involved, or all the small joints of the fingers. The
swelling and redness are usually slight, but the joints are exquisitely

tender on touch or motion. This state may remain for weeks or

months ; when it declines it leaves the joints stiff, somewhat enlarged,

and painful on motion. Some of these cases recover, but in others

a resulting ankylosis may occur, which is exceedingly obstinate to

treatment. Bowlby says that slight changes in the joints are com-

mon. He thinks that the finger-joints are especially liable to be
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affected, more so than the wrist and elbow, even in cases in wliicli the

nerve injury has been in the upper arm.

In brief, the changes commonly seen are stiffness, swelling, and

slight redness, with ankylosis in the worst cases. The resulting con-

dition is suggestive of chronic rheumatism.

The anatomical changes were studied by Bowlby in the case of a

man who had injured his median nerve. The capsules of the finger-

joints were thickened, and the cartilaginous surfaces of the most dis-

tal joint were united by fibrous tissue. The terminal joint of the

ring finger was firmly ankylosed, the union being by bone. Micro-

scopically, the normal hyaline matrix of the cartilages was replaced

in part b}^ fibrous tissue.

In a case of injury to the circumflex nerve, caused by a dislocation

of the head of the humerus, I once observed paralysis and rapid atro-

phy of the deltoid muscle, with complete reactions of degeneration,

and firm ankylosis of the shoulder-joint. This latter required to be

forcibly broken up. The patient ultimately made a good recovery.

In such a case, of course, the injury to the joint may have been partly

due to the original dislocation, but it was probably promoted by the

paralysis of the muscle and nerve.

The resulting trophic changes in the bone itself have been observed

in man hy Ogle, Blum, and others. Resulting atrophy is more

common, ai3X)arently, in young persons. Ogle reports a case in

which there was atrophy of the bones of the hand, and osseous union

between the radius and ulna, following section of the median nerve.

Complete destruction of the bones, i.e., necrosis and discharge of the

fragments, has already been mentioned as a result of the trophic whit-

low seen in Morvan's type of syringomyelia, in angesthetic leprosy,

and in some cases of nerve injury. Valentin speaks of necrosis fol-

lowing an excision of a portion of the sciatic nerve for neuroma.

Letievant reported a case of necrosis of the extremity of the middle

finger following section of the median nerve. In perforating ulcer of

the foot (to be described), necrosis of contiguous bones is some-

times seen.

Atrophy of the bones of the leg, the femur especially, was seen by
Lobstein in a man, aged fifty-four years, who had suffered in infancy

from a grave wound of the thigh, involving both the sciatic and crural

nerves. Those who wish to study this subject in detail may consult

with profit the paper of Ogle, " and especially that of Talamon. ''"

The exact causes of these changes in bones and joints may still be

the subject of some speculation. The resulting disuse of a joint tends,

no doubt, to ankylosis, so that it is a question whether the whole of

the lesion can be considered truly trophic. From a clinical stand-
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point, however, these changes are closely allied to other trophic

changes, so that the mere speculative question sinks into comparative

insignificance. The important fact is that these arthritic lesions are

not uncommon in cases of nerve injury. In cases of simple neuritis

not due to injury—as, for instance, in multiple neuritis—stiffness and

ankj'losis are not uncommon when the disease is of a severe tyi^e

and long standing. The joints become painful on pressure, but in

my observation do not present quite such an irritative and rheuma-

toid aspect as they do in cases of mechanical injury to the nerves.

True bone changes, such as atrophy, in cases of simple non-traumatic

neuritis, are not observed; but destructive whitlow involving the bone

may occur.

Trophic Lesio7is of the Subcutaneous Tissues.

Under this heading may be included whitlow or panaris, perforat-

ing ulcer, phlegmon and pseudophlegmon, and bedsore or acute

decubitus. Some of these lesions are much more likely to occur in

cases of peripheral disease than the others, and prominence here will

be given to these.

Whitlow.—Destructive lesions, such as whitlow, perforating ulcer,

etc., are sometimes caused by diseases and injuries of nerves.

Schroeder van der Kolk, many years ago, cut the sciatic nerve in

mammals, and noted that tlie limb became swollen, the toes ulcerated,

and the nails were shed. Brown-Sequard repeated this experiment

in guinea-pigs, and claimed that no change occurred when the limb

was protected from rough contact with the ground. The attempt to

trace these trophic changes to local injury has never been entirely

successful. Hutchinson"" reported seven cases of section of nerves,

in five of which the fingers became inflamed soon after the accident.

He argued against pressure or injury as a cause of the resulting

whitlow, on the ground that this lesion occurred first at the tip of the

finger, where there had been no pressure. He observed that the

whitlow was peculiar, inasmuch as it thus involved the tip of the

finger, both skin and subcutaneous tissue, and caused exfoliation of

the nail. Paget, however, recognized the possibility of local injury

acting as a cause, and reported ulcers of the fingers from burns

received unconsciously in anaesthetic parts. This latter kind of sore,

however, usually heals up as promptly in cases of nerve lesion as in

normal tissue, and therefore cannot be called a true trophic lesion.

On the other hand, the true whitlow, due to nerve injury, is usually

a most destructive process.

As already explained, pemphigus is usually only a preliminary

stage to an ulcerative process in the skin. When the bulla breaks it
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reveals an ulcer, which in many cases may remain superficial, but in

some cases may extend deeply. In either event it leaves a scar.

Whitlow, however, is much more than an ulcer in the skin. It is

a deep-seated, destructive process in the subcutaneous tissue, usually

beginning iu the distal phalanx, and often involving and destroying

the bone. It usually begins as an inflammation in the skin, in or

near the finger tips ; the subcuticular tissue is rapidly involved, and

in some cases suppuration occurs quickly and may not be suspected

by the patient, the pus being retained just beneath the skin. When
this is evacuated the finger is seen to be extensively involved.

Denudation of the bone occurs, and the phalanx may even be lost.

In some cases more than one finger at a time is involved, and more

of one finger than of another.

Trophic whitlow is almost always a painless affection, and this

feature serves to distinguish it better than aught else. It seems thus,

as in the case of so many trophic lesions, to depend especially upon

an affection of the sensory neurons. Its time of occurrence, with

reference to the original affection of the nerve, varies greatly. Cases

are reported in which the bullae have appeared in a few days after the

nerve injury, and ulceration and gangrene have followed in a few

weeks (d'Anson, quoted by Bowlby, whose reference I am unable to

verify). In other cases the complication is delayed longer.

Injury to the artery as well as to the nerve is not an uncommon

event, and some of the extensive sloughings reported by observers, as

by Hilton'' and by Bowlby, may possibly have been due in part to

this accident. Still, this at best is but a contributory cause, and it

is doubtful whether sloughing would occur in these cases if the nerve

were not injured. For instance, sloughing of the hand as a result of

ligation of the ulnar artery is not usually to be expected in cases in

which the nerve supply is normal.

Among the diseases which especially exhibit destructive trophic

whitlows are leprosy, syringomyelia, and the disease described by

and named for Raynaud.

The form of leprosy which displays whitlows is the anaesthetic

form. This variety, as is well known, defjends upon a specific neu-

ritis, which is caused by the bacillus of leprosy, discovered by Han-

sen. This disease is marked by initial pains, with areas of hyper-

aesthesia, followed by extensive anaesthesia. In time the nerve trunks

become extraordinarily swollen, and the superficial ones may be felt

as large and tender. Trophic lesions, as a rule, are early phenomena

in these cases. They consist in macular and vesiciilar eruptions.

The maculae are highly characteristic. The vesicles appear as bullae

and pemphigus, such as have been already described, and x^i'oceed to
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ulcerations, which may be terribly destructive. Both the fingers and
toes are the seats of these whitlows, which not infrequently destroy

the phalanges. Contractures and loss of i)ower occur. The course

of this form of leprosy is often extremely chronic. It evidently

affords a striking example of troi)liic lesions depending ui)on affec-

tions of the nerves. The tror>hic process is practically identical with

that which occurs after wounds of nerves ; the only difference is in

the essential cause of the nerve lesion. In the one case this is the

irritation of the neurons, caused by a specific, virulent microbe; in

the other it is the irritating effects of trauma.

Syringomyelia, a disease of the spinal cord, also causes trophic

whitlows occasionally. The form of the disease that does this espe-

cially is the type originally described by Morvan, and sometimes
called after him " Morvan's disease. " Charcot, " in a lecture published

shortly before his death, proposed to call this form the " type Mor-
van." He was among the last to concede that the disease, so well de-

scribed by Morvan, was only a variety of syringomyelia. There can

be little doubt now of the identity of the two affections. Joffroy"

has shown by autopsy that a typical case, which had presented

extensive mutilating whitlows, was one of genuine syringomyelia.

The cases originally reported by Morvan" under the heading of

"panaris analgesiques" presented the symptoms of paresis, with

analgesia of the upper limbs, limited at first to one side, then

passing to the other, and resulting in the production of one or

many whitlows. Necrosis of the phalanges, especially the distal

ones, was common. Morvan relates graphically how he discovered

the analgesia in these cases. He had occasion to incise one of these

whitlows, and was astonished to find that the -patient, who did not

seem to be a hero, bore the operation without a complaint. Investi-

gation showed that the patient had suffered no pain. It is a singular

fact that one physician like Morvan, in the province of Brittany,

should have met with so many of these cases. In some cases there

were initial pains. Other trophic lesions, as muscular atrophy, sco-

liosis, arthropathy, etc., were sometimes present. The special fea-

tures of these whitlows are their grave but indolent character, and the

facts that they are multii)le and appear successively. Some cases are

extremely chronic, lasting even as long as forty years. In some of

these cases, as that of Gombault," a peripheral neuritis has also been

described ; and this fact is imjjortant in relation to the etiology of

these trophic felons. There can be no doubt that their general clini-

cal appearances ally them closely to the whitlows produced by nerve

lesions, and it is possible that even in a central disease like syringo-

myelia, which affects extensively the peripheral sensory neurons in
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their course tlirougli the spinal cord, it may be by virtue of the

involvement of these neurons that the destructive trophic lesions are

produced. Certainly it is impossible to conceive of any other connec-

tion between these sores, located on the extreme peripher}^ of the

nervous system, and the disease process in the centre, except through

a diseased peripheral neuron.

With reference to the exact morbid anatomy of Morvan's disease,

while many of the observed facts indicate that it is a form of syringo-

myelia, it must be acknowledged that all the facts do not necessarily

indicate the formation of cavities in the cord. There may in some of

these cases be a process of gliomatosis in the central region of the

cord that has not yet jjroceeded to cavity formation. This gliomato-

sis is the real disease—the cavity, of course, is only an effect of it.

In such a case analgesia with trophic lesions, as well as other symp-

toms of syringomyelia (muscular atrophy, etc.), may exist, and the

peripheral nerves, being but continuations of the neurons within the

diseased portion of the cord, might be degenerated. This seems to

have been distinctly the idea of Morvan himself, who says that the

seat {foyer) of the disease is in that part of the cord which gives rise

to the brachial nerves. Finally, it must not be forgotten that Mor-

van's disease, as well as other types of central gliomatosis, bears a

striking resemblance sometimes to anaesthetic leprosy. The trophic

lesions, especially the whitlows, are very similar in the two diseases.

(For references to cases by Stendener, Langhans, Rosenbach, and

others, see Bruhl.") Some observers have even claimed the identity

of syringomyelia with leprosy. This claim is perhaps somewhat
strengthened by the curious fact that Morvan observed about twenty

cases of his disease in a small fishing communit3^ The identity

could be established, of course, only by the discovery of Hansen's

bacillus in syringomyelia and in Morvan's disease.

The curious disease described by Raynaud " has for its terminal

stage symmetrical gangrene of the fingers and toes, and sometimes of

the ears and nose. It has three stages : (1) local syncope
; (2) local

asphyxia
; (3) symmetrical gangrene. The first stage is marked by a

bloodless state of the parts, the second by a congested state, and the

third by the gangrene. The affection is usually extremely painful.

Hsemoglobinuria is sometimes present in the attack, and nervous

symptoms, such as epileptic and hysterical phenomena, are seen.

The cause and pathology of the disease are as yet quite unknown.
It has been supposed to be due to disturbance of the vasomotor sys-

tem. It is doubtful whether it is due to an affection of tlie sensory

nerves, as instead of anaesthesia and analgesia there is usually pain.

The gangrene, moreover, is usually symmetrical. Raynaud's' disease
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is mentioned here simply for the purposes of comijarison and contrast

with the trophic afifections which are recognized as deijending on

lesions gf nerves. It must be remembered, however, that ijeri^jheral

neuritis has been observed in some cases ; hence it may yet appear

that the disease is only another nutritive disorder due to an affection

of the nerves (Collins"). Krisowski ascribes a case of symmetrical

gangrene in a child to syphilis. This suggests that the immediate

cause is a si)ecific endarteritis.

Perforating Ulcer.—Among trophic lesions this ulcer holds a jjrom-

inent place. It was first described by Nelaton, in 1852, and was first

called by its present name {mal perforalis plantaire) by Vesignie. It

consists, as its name implies, of a round or oval ulcer, perforating

the skin and penetrating more or less deeply into the contiguous tis-

sues. Koss suggests that it is really a sinus. It begins as a hard,

corn-like elevation in the skin ; this is in marked contrast with the

bullous eruption which often ushers in whitlow. The induration

soon breaks down in the centre and presents an ulcer. In mild cases

this may heal rapidly ; in severe cases it tends to perforate deeply,

but not to extend in a lateral direction. In grave cases it may even

involve the underlying bones and contiguous joints. This ulcer is

usually associated with some degree of anaesthesia and analgesia.

Duplay and Morat " found all the ulcers which they examined to be

more or less insensible. I noted the same condition in the case about

to be reported. Both modes of sensation usually are affected ; in some

cases, however, attempts at walking may cause pain. The extent of

the anaesthesia will depend, of course, upon the extent and location of

the nerve lesion. In cases of locomotor ataxia the appearance of the

ulcer may be preceded by fulgurant pains.

Perforating ulcer may be accomxjanied with other trophic lesions,

as shedding of the epidermis, alterations in the nails, oedema,

phlegmon, and ankylosis and deformity of the neighboring joints.

Its favorite seat is the under surface of the foot and toes; it is

found especially on the ball of the great toe. It sometimes comes at

the side of this toe.

Many theories have been suggested to account for this curious

lesion. It has been ascribed to syphilis, uraemia, glycosuria, embo-

lus, endarteritis, atheroma, inflammation of the sudoriparous glands,

and other agents. There is now little doubt, however, that genuine

cases of this ulcer are directly due to some nerve lesion. Dolbeau

saw perforating ulcer of the foot in a case of fracture of the spine.

Lucani saw one succeed compression of the sciatic nerve, caused by

a fracture of the femur. Sezary saw one in progressive muscular

atrophy. Fischer saw seven cases; one in myxoma of the spinal

Vol. XI.—

7
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cord, another in old hemiplegia, another following a wound of the

sciatic nerve, another following luxation of the femur, another in

vicious union of a fracture, another in gunshot wound of tlje buttock

with injury of the sciatic nerve, and the last in a case of cord disease

(tabes?). Mathieu also saw one follow a wound of the sciatic

nerve. Locomotor ataxia, however, is undoubtedly the disease in

which perforating ulcer in seen most commonly. Poncet thought

that he saw a resemblance in the affection of the nerves in cases of

perforating ulcer to that which occurs in anaesthetic leprosy. Est-

lander elaborated this idea. Duplay and Morat, in a careful study,

concluded that perforating ulcer is associated with a degenerative

lesion of the nerves. There thus seems to be no doubt that this ulcer

is a true trophic lesion, depending upon an affection of the peripheral

neurons, probably the sensory ones.

The following case occurred in my clinic at the Philadelphia

Hospital.

"

A. B , aged 40, white. The patient had been tabetic for

some years, presenting the usual sensorimotor S3mi)toms. He
presented a perforating ulcer on the inner and under surface of the

great toe of the left foot. This was indolent, with little disposition

either to spread or to improve. It was not painful ; in fact, it was as-

sociated with considerable tactile anaesthesia and analgesia, as these

ulcers, in my experience, are apt to be. It did not communicate
with the bone or with the neighboring metatarsophalangeal joint.

It is possible that these ulcers are started in some instances by
traumata, i.e., by the bruises and i^ressure caused hj an ataxic gait.

The disease process, once started, is favored by the low vitality of

the tissue, depending in turn upon the affection of the nerves.

Hence, as has already been shown, it may api^ear both in central

lesions of the spinal cord and in perijiheral lesions, the peripheral

neurons being equally involved in both instances.

Phlegmon and Pseudoplilegmon

.

—Inflammation of the subcuta-

neous connective tissue, with formation of pus, is not a common result

of nervous lesions. In cases of whitlow, of course, this tissue is

involved, and this lesion has been already described. Distinct

phlegmonous inflammation, apart from whitlow, is not as a rule

observed. According to Arnozan, lesions of the peripheral nerves

have only rarely as an effect the formation of ulcerative or gangren-

ous inflammation of the connective tissue. He cites Eaynaud, aud
speaks of gangrenous phlegmons of rapid march which invade the

lower limb as results of wounds of the sciatic nerve. But, as Arno-
zan states, the part ])layed by the vascular lesions in tliese cases is

difficult to distinguish from that played by the nervous lesions.
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Pseudophlegmon may be described as that characteristic swollen

and reddened state of tlie skin, sometimes quite painful, which fol-

lows irritative lesions of nerves. It has been referred to under the

head of glossy skin. It does not lead to supjjuration ; certainly any

case in which suppuration should occur would be exceedingly rare.

Its appearance, however, simulates occasionally a beginning sujjpu-

rative process. It was first described by Hamilton in a case of injury

to a nerve. It is seen sometimes also in cases of trifacial and other

forms of neuralgia.

Acute Decubitus.-—This is a form of bedsore, rapid and malignant

in type, which is not infrequently seen to follow lesions of the spinal

cord. It occurs also in cases of cerebral lesion. It begins usually in

a few days—sometimes within twenty-four hours—after the initial

lesion, as, for instance, fracture of the spine with crush of the spinal

cord. An erythematous spot first appears, then buUse form; these

contain a serosanguinolent fluid. Rapid destruction of tissue follows,

until—as over the sacrum, for instance—immense deep-seated sloughs

form and come away. The bone may be exposed and even involved.

This lesion will not be described here in detail, because practically

it is not seen in cases of peripheral lesions. Yet it cannot be doubted

that in these cases of acute decubitus the peripheral neurons are ex-

tensively involved. It is probable that in one sense acute decubitus

is thus due to a peripheral lesion, or at least that the trophic func-

tions of the peripheral neurons are seriously impaired. As these ex-

tend into the cord, they are evidently involved in the central destruc-

tive lesion, in cases at least of injury to the spinal cord; but it is

apparently essential that this central lesion should exist, because in-

jury to the peripheral neurons outside of the cord, as in cases of

injury to the nerve trunks, does not cause this type of bedsore. In

cases of widespread multiple neuritis bedsores may form on the but-

tocks, heels, etc. ; but these are not of this rapid and malignant type,

and differ in fact in no way from the ordinary bedsore caused by
pressure and uncleanliness.

Trophic Lesions of the Vascular System.

Lesions of innervation of the blood-vessels occur no doubt after

nerve injury, but these cannot properly be called trophic lesions.

Division of the sympathetic causes dilatation of the capillaries, but

this is merely a paralytic and not a trophic "phenomenon. A true

trophic lesion is one in which the nutrition of the tissue is affected.

The nutrition of the vascular tissue is no doubt affected, along with

the other tissues, in such destructive lesions as whitlow, perforating

ulcer, etc. ; but whether this is jjrimary or secondary is a question.
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Distinct primary troiDbic lesions of blood-vessels—such, for instance,

as would cause destructive changes in the walls of the vessels—are

practically unknown.

Division of the cervical S3'mpathetic nerves in young growing ani-

mals results, according to Sterling and to Bidder, in hypertrophy

of the ear and increased growth of the hair on that side.

Alterations in the secretion of sweat may be included here. Irri-

tation of the cervical sympathetic causes, among other symptoms,

hyperidrosis
;
per contra, paralysis of the cervical sympathetic causes

anidrosis. Neither of these phenomena, however, is constant or

enduring. These phenomena will be described more fully under the

head of Diseases of the Sympathetic System.

In affections of the abdominal sympathetic there may be increased

or diminished secretion from the intestinal glands. This may be

indicative of a genuine trophic lesion in the glands, due, however,

rather to an affection of its nerve than to a true vascular affection.

TropJiic Lesions of the Viscera.

It cannot be claimed that we have any very definite knowledge on

the subject of trophic lesions in the viscera as results of either central

or peripheral diseases of the nervous sj^stem. Brown-Sequard (see

Arnozan"') announced that lesions of many parts of the cerebrospinal

axis were followed after very brief intervals by hemorrhages into

many of the viscera. Vulpian criticised these results, claiming that

all such lesions in the viscera could readily be caused by emboli, and

that such emboli could gain entrance by way of the wounds in the

skull and spine caused in making the experiments. Certainly patho-

logical anatomy in the human subject teaches but little if anything

about such visceral hemorrhages following nerve lesions. Cerebral

hemorrhage, it was taught by Oliivier, is frequently accompanied or

followed by pulmonary apoplexy and by hemorrhage into other or-

gans. While these phenomena may be seen in some cases, it would

be rash to claim that they are in any sense " trophic" lesions. They
simply represent diseased heart and blood-vessels, or septic processes,

which acted primarily as the cause both of the cerebral and visceral

lesions. The attempt to prove that such hemorrhages are more com-
mon after lesions of certain regions of the brain does not now find

countenance. The same may be said of pneumonia following cerebral
apoplexy. Cruveilhier is quoted by Arnozan as crediting the claim
that pneumonia is a prompt and often fatal result of hemorrhage in
the brain. These cases undoubtedly occur, but the pneumonia is

evidently only a secondary result of tlie obstructed respiration and
circulation in these cases. The lung lesion is usually more truly a
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hypostatic congestiou tlmu a pneumonia. Fabre referred to " pneu-

monia of nervous origin," due to a lesion of the pneumogastric nerve,

which lesion may be due to tumors of the mediastinum, oesophagus,

or aorta. Such theories are rather fanciful—especially that of Fernet,

quoted by Arnozan, that pneumonia is a form of herpes, which is a

trophic lesion due to an inflammation of the pneumogastric nerve.

Hypertroi^hy of the heart as a result of moral affections was for-

merly claimed, but it is needless now to say that such a theory is no

longer held, and that, even in case it were admitted, such an hyper-

trophy could not be regarded as a true trophic lesion.

Gastrointestinal lesions, especially the duodenal ulcer following

extensive burns of the skin, have been held to be exami:)les of trophic

lesions (Brown-Sequard). The evidence to this effect is not satis-

factory.

Obolenski cut the spermatic nerve and observed atrophy of the

testicle. Arnozan, after citing a few clinical facts, inclines to believe

that atrophy of this organ follows lesions of both the central and

peripheral nervous system, but, as he says, the subject needs further

study.

On the whole, it cannot be satisfactorily demonstrated as yet that

many or grave trophic lesions occur in the viscera as results of affec-

tions of the nervous system.

Disorders of the Reflexes.

The physiology of the reflexes has already been described in a

preceding section (page 34). Their pathological significance is now
to be noted.

The reflexes may be either exaggerated, diminished, or abolished

by disease.

Thej^ are exaggerated by those diseases that cut off the peripheral

neurons from the inhibitory influence of the cerebral centres ; conse-

quently, as a rule, only in diseases of the spinal cord and cerebrum.

For instance, any lesion gradually formed, or any sudden lesion

after the influence of the primary shock has passed away, in any part

of the cerebrospinal axis, provided the motor paths from the cerebral

cortex are involved, will cause exaggeration especially of the deep

reflexes. The comm-onest of these lesions are hemorrhage in the

internal capsule, involving as it does the motor pathway ; degenera-

tive lesions in the pons or medulla, such as bulbar palsy ; and the

various destructive lesions of the cord, such as syringomyelia, menin-

gitis, myelitis, lateral sclerosis, neoplasms, and traumata. In all

such cases the deep reflexes that have their seats in the cord heloio

the lesion are exaggerated. Such reflexes, however, as have their
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origins at the level of the lesion, so that their motor neurons are

involved in the destructive process, are abolished; and those that

arise above the lesion are unaffected. Thus in a case of cervical

lesion of the spinal cord, the reflexes in the arms may be abolished

while those in the legs will be increased; but in a case of lesion of

the lumbar spine the arm reflexes will be normal, while the leg

reflexes will probably be diminished or abolished. This is simply

because the reflexes arising at the seat of the lesion have their sensory

or motor neurons, or both, impaired or destroyed; while those aris-

ing below the lesion have their neurons made more excitable by being

freed from the inhibitory influence of the cerebrum. (For a full dis-

cussion of this and other theories of the reflexes, see page 34.) It

follows from all this that exaggeration of the deep reflexes is almost

invariably a sign of central disease. Such exaggeration does not

arise in lesions of the peripheral nervous system, and this is be-

cause such lesions in the vast majority of cases impair the conducting

power of the nerves. Exceptions to this rule, to be sure, have been

claimed by some observers to occur in the initial stage of an irrita-

tive lesion of the nerves. For instance, it is said that exaggerated

reflexes may be seen occasionally in the early stage of peripheral

neuritis; this is claimed to be due to irritation, and consequently

increased conducting power of the peripheral neurons. But it is

certainly most rare, and I for one do not recall ever having seen it.

Pressure on a nerve trunk, when this pressure is temporary and is

caused for experimental purposes, has been found by Bastian,

Vulpian, and others (see page 55) to cause sometimes cramps in

the muscles supplied by the compressed nerve ; but this is evidently

due to direct irritation of the nerve trunk and is not a reflex phe-

nomenon.

Abolition of the deep reflexes may be caused, under some circum-

stances, by shock. For instance, a total transverse lesion of the spi-

nal cord, caused suddenly by accident, such as fracture of the spinal

vertebrae, will cause abolition of the deep reflexes that arise even far

below the seat of the lesion (Bastian). Thus a middorsal lesion of

this kind will cause abolition of the knee jerks. So also will a large

hemorrhage in the internal capsule, only in this case the abolished

knee jerk is on the paralyzed side alone. In such cases, if the i)a-

tient survive, the abolished reflexes will ultimately return and become

exaggerated. This abolition of the reflexes below the seat of lesion,

in cases accomx)anied with shock, is in api)arent contradiction to the

law already laid down; yet it is an undoubted clinical fact, and must
be accei)ted as such. Its explanation is entirely hypothetical : the

abolition is apparently due to shock, which is imparted to the neu-
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rons that convey the reflexes, and in some way paralyzes them for a

time. This abolition, due to shock, must evidently be carefully dis-

tinguished from the abolition which is caused by destructive lesions

involving the so-called "reflex arc," i.e., the peripheral neurons

themselves.

The reflexes are always abolished or diminished by lesions which

impair the peripheral neurons through which these reflexes pass.

This is a rule to whicl\ there is no exception. Consequently this

abolition or diminution is seen in all diseases of the spinal cord and

nerves that involve the entering peripheral sensory neuron (nerve

trunk, i)osterior ganglion, posterior root, and posterior columns), and

the cell body and axis cylinder of the peripheral motor neuron (ante-

rior horn, anterior root, and nerve trunk). The most common of

these diseases are neuritis in all its forms, locomotor ataxia, and the

various degenerative and inflammatory afi^ections of the anterior

horns, such as anterior poliomyelitis, syringomyelia, and localized

myelitis. In the last-mentioned diseases, of course, only those

reflexes, are abolished that have their course through the affected

levels of the cord. It follows from this rule that abolition or dimi-

nution of the deep reflexes is a common result of all destructive lesions

of the peripheral nervous system, but that it is not entirely confined

to such peripheral diseases.

In cerebellar diseases the reflexes are variously affected, but the

exact reasons for this are not at all clear. In cerebellar tumors the

knee jerks may disappear and then reappear; this is probably due

to variations in pressure beneath the tentorium.

The superficial reflexes are subject to practically the same laws

that control the deep. They are, however, rather of positive than

of negative value. In other words, their presence demonstrates

that the nerves which conduct them and the segments of the cord

through which they pass are healthj^ but their absence is not always

satisfactorily indicative of disease, unless it is confirmed by other

symptoms. This is so of some more than of others, because the

superficial reflexes are not all equally demonstrable in all healthy

persons. The cremasteric reflex is one of the most common and con-

stant, but, of course, is peculiar to the one sex. It varies, however,

in healthy men. It is commonly abolished in lesions of the lumbar

spine, but not so commonly in multiple neuritis. The iDlantar reflex

is not readily demonstrable in some healthy persons, consequently

its absence must be judged cautiously. The same may be said of

many of the other superficial reflexes. The ocular and conjunctival

reflexes, however, are constant in all healthy persons; consequently

their diminution or absence is of positive value.
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The anal and vesical reflexes are often involved in lesions of tlie

lumbar region of the spinal cord, but not commonly in multiple neu-

ritis. In middorsal lesions they may be exaggerated early in the

case; consequently the bladder and rectum empty themselves by a

truly reflex involuntary act. In destructive lesions of the lumbar cord

these reflexes are abolished; consequently there is no reflex extrusion

of the urine and faeces, but these escai:)e simply because there is not

sufficient resistance offered to them. This^ escape, however, often

occurs only when the bladder and rectum are distended with their

contents, and the evacuation is usually incomplete. In case of the

bladder this constitutes the well-known " overflow" phenomenon, and

is usually a sign that the viscus is distended with urine. This is

also true of the rectum. In an^^ isolated lesion that involved merely

the nerves to the bladder and rectum, these reflexes would of course

be abolished ; but such isolated lesions of these nerves, without injury

to the cord or cauda equina, must occur so rarely that they can prac-

tically be left out of account. I have never seen or heard of such a

case.

The methods for testing the various deep and superficial reflexes

have already been described in the section on their physiology.

To conclude, the two chief laws underlying the pathology of the

reflexes, so far as the peripheral nervous system is concerned, maj^

be brieflj^ restated:

1. Exaggeration of the reflexes does not occur in diseases of the

peripheral nervous S3'stem. Rare exceptions are noted.

2. Abolition or diminution of the reflexes occurs very commonly
in destructive diseases of the peripheral nervous system, but is not

confined to them, since it is seen in those diseases of the spinal cord

that involve the course of the peripheral neurons; also in central

diseases causing shock; also, for some obscure reason, in some
lesions of the cerebellum.

Disorders of the Circulation.

In some disorders of the peripheral nerves, especially destructive

lesions, such as neuritis and section, the circulation in the affected

limb is obviously involved. The pulse rate is, of course, not afi'ected,

but the vascular tension is apparently' somewhat impaired. This is

seemingly due to involvement of the vasomotor system. Thus the

parts become swollen, even oedematous, and the capillary circulation

is evidently at fault. In some cases, in which symptoms of irritation

of the nerves are ])resent, the skin may be swollen and injected, i)re-

senting the phenomena of glossy skin or pseudophlegmou, already
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described. In some cases of long standing the skin maj' be mottled,

and the arm or hand may have a cold and lifeless appearance. Some
of the trophic lesions already described are evidently due in part to,

or at least promoted by, the weakness of the caxjillary circulation.

Alterations in the temperature of the parts may occur, and are evi-

dently due to the imxmirment of the vasomotor system. According

to Bowlby,'" immediately after section of the median nerve the distal

parts become suffused with blood and hotter to the touch. Mitchell

demonstrated that comj^ression of the ulnar nerve at the elbow is fol-

lowed b}^ a rise of temperature in its area of distribution, but this

rise did not occur if a tourniquet had been jjreviously placed on the

brachial artery. This seems to prove that the elevation of tempera-

ture is due to a x^aralysis of the vasomotor system. Bowlby shows

strikingly in a table the effect upon temperature of the division of the

ulnar nerve. Eight hours after the accident the temperature, taken

between the fourth and fifth fingers (supplied by the ulnar nerve),

was 100.2° F. ; while between the first and second fingers (which area

is not supxjlied by this nerve) it was 99° F. This difference of about
1° remained constant despite alterations in the general temperature

of the body. In long-standing cases, however, the temperature in

the affected area falls remarkably, and the parts, as already said, are

livid, mottled, and cold. Hutchinson'' observed, in one of his re-

ported cases, as great a fall as 16° as comx^ared with the sound side.

This decline in temperature seems to be coincident with the continu-

ance of degeneration. As the nerve regenerates, the temperature

gradually comes back to the normal. These facts prove conclusively

that the activity of the circulation, and consequent activity of the

nutritive functions, are much impaired by nerve wounds.

DISEASES OF THE CRANIAL NERVES.

, The Olfactory Nerve.

The olfactory nerve, or properly nerve filaments, is composed of a

series of xjeripheral neurons which, according to Jakob, are to be

considered as analogous to those whose cell bodies are in the inter-

vertebral ganglion. These special sensory cells are found in the epi-

thelial layers of the olfactory membrane. The axis cylinder is an

unmeduUated fibre running to the olfactory bulb, where it splits up

into its terminal arborizations about cells which compose the glome-

ruli olfactorii. These x^eripheral sensory neurons are analogous to

the common sensory neurons in the earthworm, as demonstrated by

Lenhossek. The cell body in the earthworm is lodged in the epithe-
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liiim of the skin, with a very short dendron but with a long axis

cylinder connecting it with the central nervous organs. The cell

bodies of the olfactory- nerves are deeply jjigmented, and this pig-

mentation is apparentl}^ closely identified with their physiology.

Thus in the rare cases that have been observed in which absence of

this pigment has been seen, abolition of the sense of smell has been

the prominent symptom. Hutchinson," of Kentuckj^, for instance,

reported the case of a negro boy, who up to his twelfth year had a

normal black skin. At this time a white patch appeared near the

inner canthus of one eye. This patch gradually enlarged, so that in

ten years the whole external surface of the patient's body was devoid

of pigment. At the time that the boy began to lose the pigment in

his skin, he began also to lose the sense of smell ; hence the inference

seems justifiable that tliis loss of smell was dependent uj)on a loss of

the pigment in the epithelium of the nasal mucous membrane.

Althaus'*" relates the case of an albino who in early life had great

difficulty in reading, and who late in life lost his smell and taste alto-

gether. The inference in these cases is that the loss of pigment in

the hair and skin and retina * is associated with a similar loss in the

epithelium of the mucous membrane of the nose. The central por-

tion of the olfactory apparatus, i.e., the olfactory bulb with the olfac-

tory tract, is not properly to be considered as part of the peripheral

sj'^stem. This olfactory bulb and tract constitute in fact a process of

the cerebral hemispheres. They are covered with a cortex of peculiar

structure, in which are lodged the cell bodies of the central neurons

which communicate in turn with the brain cortex (Edinger). In the

human being the olfactory lobe is much atrophied, and this is in

accord with the well-known i^hysiological fact that in man smell is a

sense of secondarj^ importance.

There can be no doubt that the function of the olfactory nerves is

to convey to the brain the sense of odor. It has not always been con-

sidered so, however, for Magendie, according to Althaus, concluded

from his experiments on dogs that smells were conveyed by the nasal

branches of the fifth pair of nerves, and that the first nerve was a

structure like the pineal and pituitary glands, the functions of which
were as yet unknown. Bernard inclined also to this view. It has

been objected justly to Magendie' s experiments that they were made
with ammonia and strong cheese, and that these substances irritated

tlie endings of the fifth nerve. Hence the reactions which he observed
in his dogs Avere not due properly to excitation of the sense of smell,

but to irritation of the trigeminal nerves. Later physiological exper-

*The pigmentary layer is usually described by anatomists as part of the choroid ;

embryologically, however, it belongs to the retina.
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iments, notably by Scliiff and by Vuli)ian, have proved conclusively

tliat the sense of smell is dependent upon the first nerve. It is

important, however, to distinguish here between the sense for acid,

bitter, sweet, and saline substances, and that for aroma or flavors.

It is this last which properly constitutes the sense of smell, and it is

this also which is the contribution, we may say, of the sense of smell

to the sense of taste. Althaus has claimed that the olfactory nerve

responds specifically to the application of electricity. This is in

accord with the law of electrical reaction, and is seen also in the optic

and auditory nerves. A current of great power is required to make
an impression on the first i^air, and this strong current so affects the

other cranial nerves, especially the fifth, that it is somewhat difficult

to distinguish the special effect upon the olfactory nerve. In Alt-

haus 's patient, however, there was complete paralysis of the fifth

pair, so that many of these disturbing influences were removed. In

this case a distinct perception of a phosphorus smell occurred on the

application of a current of thirty-five pairs of plates.

For the proper action of the olfactory nerves the mucous mem-
brane of the nose should be moist; hence anything that checks the

proper secretion of mucus in the nose will interfere with the conduc-

tion of olfactory impressions along these sensory neurons. Excessive

secretion, on the other hand, especially when associated with swelling

of the mucous membrane, will also interfere with the proper action

of this nerve.

Distinct or isolated diseases of the olfactory nerves are exceed-

ingly rare. The function of the nerve is sometimes apparently abol-

ished or suspended in hysteria, but as this is a central disease it

cannot properly be claimed that the peripheral neurons are involved

in such cases.

The olfactory nerve is said to be sometimes congenitally absent

(Althaus). Whether this claim refers to the peripheral neurons proper

or to the olfactory bulb and tract, is not plain. Braschet, quoted by
Althaus, has seen this congenital anosmia in several members of the

same family, but his observations do not seem to have been founded
upon anatomical studies. Loss of pigment in the body generally,

and in the olfactory epithelium of the nose especially, has, as already

said, been associated with a loss of smell.

Inflammation of the olfactory nerve proper is probably of extremely
rare occurrence. Althaus calls attention to the singularity of this fact

when we consider the frequency of optic neuritis. The latter, as is

well known, is very common with diseases of the brain. The analogy,

however, between optic neuritis and an olfactory neuritis under
these circumstances is not very apparent, from the fact that the
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connections of the olfactory neurons with the brain are not so exten-

sive and the course of these neurons is not so long as in the case of the

optic nerve. Althaus reports a case of apparent olfactory neuritis

occurring in a banker's clerk after exxDosure to cold. He had the

symptoms of a peripheral neuritis, such as numbness in his feet, and

about the same time he perceived a strong smell of phosphorus, which

persisted for six weeks. At the end of that time he had entirely lost

the sense of smell. The perception of odors, such as of camphor,

valerian, and ether, was abolished, but the patient experienced the

usual sensation of tickling, choking, and lacrymation when ammonia
was presented to the nose, and snuff made him sneeze ; hence it was

apparent that the fifth nerve was not involved. This patient's taste

for flavors and aroma was also abolished, but not that for sugar, salt,

quinine, and acid. This fact proved that the sense of odor is an in-

tegral portion of the sense of taste. The patient died, and an autopsy

by Ferrier revealed the naked-eye appearances of neuritis of the first

pair at the base of the brain.

Degeneration of the olfactory nerve filaments is said to occur in

some cases of locomotor ataxia and other degenerative diseases of the

central nervous system (Herter). It is possible that such instances

would be reported more frequently if greater care were taken to ex-

amine the first pair in such diseases.

Injuries to the head are undoubtedly the commonest cause of im-

pairment to the first pair. Ogle"° has collected several of these cases.

Blows upon the head are undoubtedly the commonest of these in-

juries. In two of Ogle's cases the blow which caused the anosmia

was on the occiput. Ogle calls attention to the fact in this connec-

tion that a blow at the back of the skull is not nearly so likely to in-

jure the part of the brain immediately underneath as it is to injure

the anterior and inferior jiortions where the olfactorj- nerves join the

brain. The reason for this is that the anterior brain rests directly

upon the bones of the skull. A blow which is not sufficient to injure

the anterior brain generally may still suffice to tear the olfactor.y

nerves, owing to their small size and their delicacy of structure.

Tumors and other gross lesions at the base of the brain or about

the bones of the nasal cavities, and chronic catarrh of the mucous
membrane, may cause injury to the olfactory nerves and loss of

smell. Such lesions are apt to cause other symptoms which are still

more prominent than the anosmia and may even disguise it.

Excessive stimulation may destroy temporarily or permanently
the sensitiveness of the olfactory nerves. Cases are reported of

scavengers and workmen in cesspools being thus deprived of the

sense of smell. Graves reported the case of a soldier who was en-
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gaged in tearing out an old cesspool and was thus exposed for a long

time to an overpowering stench. He entirely lost his sense of smell,

and thirty-six years afterwards the anosmia persisted. Althaus sug-

gests that such cases may possibly be owing to capillary hemor-

rhages in the nerves.

Hyperosmia is occasionally seen in cases of insanity, hysteria,

and epilepsy, but is probably a central rather than a peripheral affec-

tion.

The treatment for all these conditions is not very satisfactory.

In surgical cases, in which the injury to the olfactory nerves is direct

and severe, little if anything, of course, can be done by medical

treatment. Strychnine, when applied directly to the nasal mucous

membrane, as in the form of a snuff, is said to increase the keenness

of the sense of smell. This is so to such an extent that snuff,

ammonia, and other active agents cause positive pain. This is due

probably in part to stimulation of the fifth nerve. Morphine on the

other hand, is said to deaden the sense of smell. In the hyperosmia

of epileptic patients Althaus injects one-sixth of a grain of acetate of

morphine with one-sixtieth of a grain of sulphate of atropine subcu-

taneously. He claims that this acts satisfactorily as a sedative.

Electricity may be employed in some cases of anosmia in the hope

of stimulating the olfactory nerve filaments. This agent, however,

does not cause a satisfactory reaction in these filaments unless a

strong current be used, and such currents about the head should be

used very cautiously.

The Optic Nerve.

The optic nerve and its nervous expansion in the eyeball, the

retina, are usually considered by clinicians as pertaining to the per-

ipheral nervous system. Morphologically, however, this view is in-

correct. The optic nerve and retina are really formed embryologi-

cally by processes from the first cerebral vesicle. While the diseases

of this nerve will be included here in this paper among perijiheral

diseases, it is necessary, for a correct understanding of the anatomical

relations of the nerve, to study it briefly from the embryological

standpoint.

Very early in embryonal life two processes are budded out from

the primary brain vesicle. Each of these processes forms at its end

a cup-like cavity which remains in connection with the brain proper

by a stalk. This cup-like cavity is formed by an infolding of the

epiblastic tissue. As a consequence of this infolding the optic vesi-

cle presents two distinct layers. The outermost of these layers is

much thinner than the innermost. This oiiter layer soon shows a
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deposit of dark pigment and forms tlie future pigmentary layer of the

retina. Tlie innermost of these laj^ers is much thicker and forms the

retina proper. Within this retina are developed those numerous and

complicated nervous structures which will be briefly described.

The optic vesicle is the foundation of the eyeball or globe. This

optic vesicle includes in its open cuplike orifice a round body, which

forms the crystalline lens. The other structures of the eye, as

the choroid, iris, cornea, etc., are formed from mesoblastic tissue.

The history of their complex develoi:)ment need not be followed here.

According to Piersol '' this nervous tunic of the eyeball, regarded iu

the light of the new views of the retina as based upon investigations

of Tartuferi, Golgi, Cajal, Dougiel, Retzius, His, and others, cannot

be placed in the same category with the remaining coats of the eye,

but must be conceded a morphological position of far greater dignity

and importance. Piersol says truly that the retina is a true nervous

centre, and that it is really a portion of the central nervous system

situated at the periphery. Following this author we can regard the

retinal tract or tunic as extending from the entrance of the optic nerve

posteriorly as far forward as the pupillary margin. As already said,

the retina proper consists of an inner and an outer lamina and these

represent the unequally developed layers of the original optic vesi-

cle. The outer lamina constitutes the pigment layer, which is usu-

ally described as belonging to the choroid but which, according to

embryology, must be regarded as i)art of the retina proper, all being

formed from epiblastic tissue. To the inner or thicker lamina belong

all the other layers of the retina. The inner layer is further sub-

divided by Schwalbe, quoted by Piersol, into the neuroepithelial and

the cerebral layer. In order to understand these anatomical elements,

which are of great importance from the standpoint of the neuro-

pathologist, thej^ may be tabulated, as has been done by Piersol, as

follows

:

^-

^Tl'eSe.'
''"

[
P^S"^«"* ^'-^'y-

[
^- ""'Sment layer.

r Layer of rods and cones. ) t? at h r i

' Layer of bodies of visual cells (outer [
^- Neuroepithelial

nuclear layer).
)

ayei.

External plexiform layer (outer re-

n. Inner layer of op- j ticular layer).

tic vesicle. 1
Layer of bipolar cells (inner nuclear

Internal plexiform layer (inner reticu-
i'

^- Cerebral layer.

lar layer),

fjayer of ganglion cells.
I

I Layer of optic nerve fibres. J

These elements, as in the case of the whole nervous system, may
be divided into the nervous elements proper and the supporting ele-
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ment. The latter in fact is a true supporting neuroglia, which ap-

Xjears as a reticular framework composed of columnar segments along

the fibres of Miiller. These extend through the entire thickness of the

retina and constitute the structures known as the external and in-

ternal limiting membranes. For our present accurate knowledge of

the retiua we owe much to Golgi's silver stain and to the researches

of Kamon y Cajal. The importance of these observations, as pointed

out by Piersol, lies especially in the establishment of the broad

theorem so often advocated in this paper of the independence of nerve

cells and their extension as axis cylinders. In the retina as in all

other portions of the nervous system the nerve cell is an independent

anatomical unit and does not end in a common network or by actual

union with other cells. As in other i:>ortions of the nervous system,

the distinction holds also in the retina between a set of peripheral

neurons and a set of central neurons. Only in the case of the retina,

as will be seen, these peripheral neurons have exceedingly short

courses and are included almost entirely in what may be considered

the peripheral structures of the retina.

The first or outer layer of the retina, as already said, must be con-

sidered the pigment layer. Next come two strata which constitute

the neuroepithelial layer. The first of these is the layer of rods and
cones, the latter the external nuclear layer. These rods and cones

are the visual cells proper. The rods terminate in little knobs, which
are embraced by the arborization of the bipolar nerve cells of the

outer ganglionic layer. The cone cells terminate by expansions, which
are in contact also with the bipolar cells. These bipolar cells are

the true peripheral sensory neurons of the retina^—in other words,

they constitute properly the peripheral nervous system of the organ

of sight. They are not of equal length but they extend to various

levels in the layers of the retina. The central expansions of these

bipolar ganglionic cells come ultimately into close relations with the

deeper seated set of nerve cells, which constitute properly the central

sensory neurons. These central sensory neurons send out in turn

long axis cjdinders which go to form the oi)tic nerve.

In addition to these elements in the retina Cajal has demonstrated

certain horizontal or basal cells in the external plexiform layer, the

processes of which ramify about the individual cells. The function

of these has not been perfectly demonstrated. It is thus seen that

the optic nerve is developed by the growth of the axis cylinders of

the nerves of the deeper ganglionic layer in the retina. In the

embryo these grow brainward, taking their course through the optic

stalk, which has already been described as a part of the primary optic

vesicle. As R^'der"^ has pointed out, the optic nerve is thus devel-
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oped independently of tlie optic stalk—in fact, the optic stalk serves

simply as a tract or pathway to conduct these growing embryonal axis

cylinders towards the points of their termination in the brain. The

optic stalk, according to Ryder, is broken down in the course of de-

velopment. According to Cajal's researches, in addition to these axis

cylinders growing centrad, certain other fibres also exist growing from

the brain into the retina. The course of the true optic fibres through

the optic nerves and optic tracts is well known and easily demonstrated.

The course of the optic fibres from the retina to the brain may be

divided into three sections, namely, the? optic nerve, the optic chiasm,

and the optic tract.

The optic nerve, leaving the eyeball, passes backwards through

the orbit and gains entrance to the skull by the optic foramen. Its

relations to the other nerves of the orbit are briefly as follows : It lies

to the inner side of the third nerve and just above that nerve. It is

crossed by the fourth nerve and by the ophthalmic division of the

fifth. The sixth nerve passes well to its external side. Within the

orbit the nerve lies freely embedded in connective tissue, fat, and the

various muscles, nerves, and blood-vessels of the part. It leaves the

orbit by the optic foramen in the sphenoid bone and passes at once

into the optic chiasm.

The optic chiasm lies ui^on a narrow groove, called the optic groove

of the sphenoid bone. This chiasm, or commissure, is formed by the

junction of the two optic nerves. It is consequently the meeting

place and the point of various courses and departures of the fibres of

the optic nerve. The chiasm is flat, somewhat quadrilateral in form,

or of the sliaj^e of a letter X. The fibres of the optic nerve within it

are arranged as follows

:

The fibres from each nerve entering the chiasm pursue three dis-

tinct courses. A few pass directly across and into the optic nerve of

the opposite side. These evidently unite the retinae of the two eyes.

The larger portion of the optic fibres decussate with their fellows of

the opposite side and pass on into the optic tract of the opposite

side towards the brain. The third set of fibres continues into the optic

tract of the same side. The chiasm contains, moreover, a fourth

set of fibres, which i:)ass from one tract to the other, apparently con-

necting the visual centres of each side of the brain. It thus appears

that the chiasm is the meeting place of four sets of fibres, three of

which are axis cylinders of the central sensory neurons of the retina.

The importance of this arrangement of fibres in the chiasm cannot be
underestimated from a pathological and diagnostic standpoint.

The oj)tic tract is in reality only the continuation backwards of the

fibres of the optic nerves. From the arrangement of these fibres in

I
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the chiasm, however, it has now been made apparent that the optic

tract does not contain identically the same fibres as the optic nerve

of the opposite side, but that each tract contains fibres, first from

the retina of the same side, second from the retina of the opi^osite

side, and third from the other optic tract; therefore the optic tract

is not to be considered as a mere continuation of the optic nerve of

the opposite side. Leaving the chiasm, the optic tract passes back-

wards in the form of a flattened band and winds across and around the

under surface of the crus cerebri. In its course it divides into two

branches, which conduct its fibres to the corpus geniculatum, the

corpora quadrigemina, and the optic thalamus. Within these parts

these visual sensory neurons terminate by aborizations around gan-

glionic cells, which form various nuclei or pass backwards towards the

visual centre of the occipital lobe of the brain. The main point of

distribution of the optic nerves, however, is, according to Ediuger,

the roof of the midbrain, in those eminences called the corpora

quadrigemina. Edinger really calls the quadrigeminal bodies the

point of origin of the oj)tic fibres. But our more recent knowledge

negatives this view. The origin of an axis cylinder must be in its

cell body, i.e., in this case in the retina. The fibres end here appar-

ently in a fine network formed of their arborizations around numerous

delicate cells. The further minute anatomy of the optic tracts within

the brain does not concern us here, as we are engaged in the study of

the diseases of the optic nerve proper.

The end of the optic nerve at its junction with the retina and the

retina itself may be subjected to direct visual examination. In this

respect this nerve offers an opiDortunity to the clinician that is not

found in any other nerve of the body without dissection. Upon in-

spection by the ophthalmoscope the eye ground, as it is called, presents

a definite panorama. The most conspicuous object in the eye ground

is the optic disc. This is the commencement of the optic nerve

proper. It is a small somewhat oval disc, of lighter color than the

surrounding eye ground and situated towards the inner or nasal side.

Kadiating from about the centre are seen the blood-vessels of the eye

ground. These consist of an entering arterj^ and an emerging vein.

The artery is smaller in size and less tortuous than the vein. It also

differs from it in color, being of a paler hue. It divides upon enter-

ing the eye into a number of branches, principally ascending and de-

scending. These can be traced far out upon the eye ground proper,

gradually dividing and subdividing into innumerable branches.

The central portion of the eye ground is less richly supplied with

these branches, than are the upper, lower, and inner segments. The

optic vein is larger and of a deeper color and more tortuous than the

Vol. XI.—

8
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artery. Its area of distribution corresponds closely with that of the

artery. x\s its numerous branches converge towards the disc they

unite and i:»ass outwards, disappearing from view in the small cup-like

depression at the centre of the disc. Around the borders of the optic

disc is usually seen a more or less complete and distinct rim of pig-

ment. This is due to a slight exposure at this point of the pigmentary

layer of the retina. The eye ground itself is of a bright pinkish or

red hue, somewhat stippled in af)pearauce.

The oi^tic disc forms really a slight papillary eminence, hence

called sometimes the ojjtic papilla. It is composed, as already said,

largely of the converging axis cylinders of the central sensory neu-

rons emerging from the deep ganglionic layer of the retina. These

pass out at the disc, being closely bunched together as it were, hence

forming the papilla. Where they pass outwards from the disc their

aggregate mass at once constitutes the commencing optic nerve.

In the centre of the disc a deep cup-like depression exists, called

the physiological excavation. This results from the disposition of

the emerging axis cylinders, which as they reach the disc bend and

dip down in large bundles more or less close to the periphery. In

the centre of the optic nerve are seen the retinal vessels already de-

scribed.

The physiological excavation, so called to distinguish it from that

produced by a pathological process, is usually in the centre of the disc.

It is deeper in some eyes than in others, and in those cases in

which it is deeper the walls are steeper. On longitudinal section of

the optic nerve and retina at their point of junction, the parts

present the following appearance. The choroid and retina end

abrujDtly in order to form the orifice through which the nerve fibres

escape. The sclera, or outer coat of the eye, apparently becomes

continuous or blended with the outer sheath of the nerve, which

is truly a prolongation of the dura mater. Within this outer sheath

are the arachnoidal and pial sheaths, the former extending as a fold

almost to the i)oint of emergence of the nerve. Some fibres of the

scleral coat, constituting a sort of feltwork or lattice work, inter-

lacing with the nerve fibres, extend across and through the optic

nerve just after its emergence from the disc. These constitute the

lamina cribrosa. These filires, or trabeculae, support blood-vessels,

so that by this arrangement the optic nerve at the base of the papilla

has an exceptionally rich vascular su])ply. These vessels constitute

aji important communication between the ciliary and retinal vessels.

Ou transverse section the optic nerve is seen to be composed
of a large number of bundles of nerve fibres. Each one of these

bundles contains a large number of medullated nerve fibres. These
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bundles are closely packed togetlier, aud are held by an intrafascicu-

lar connective tissue which also sui)ports numerous blood-vessels.

This tissue is a prolongation of the i)ia mater. The outer sheath of

the optic nerve is a prolongation of the dura mater. Its inner

sheaths are likewise prolongations first of tLe arachnoid and then of

the pia. These enclose lymph si)aces.

The optic nerve, according to Monro/" must be regarded, as al-

ready explained, as part of the central nervous mass, being developed

not as an ordinary j)eripheral nerve but from an outbudding of the

primary forebrain. Monro, in fact, regards it as comparable to the

posterior column of the spinal cord. This is an important theorem
from a pathological as well as an anatomical standpoint, because this

nerve is extremely likely to undergo degeneration in some of the

diseases that involve the spinal cord.

The entire number of nerve fibres within the optic nerve, accord-

ing to Piersol, has been variously estimated. The estimates of

Salzer and of Krause place this number at about four hundred and
twenty-five thousand. Piersol also calls attention to another evi-

dence of the close analogy existing between the retina with its stalk

and the central nervous system. This is found in the fact that the

axis cylinders in the former, just as in the latter, are devoid of a true

neurilemma, the medullated fibres being held in place by neuroglia

or supiDorting substance. The investigations of Cajal and others

show conclusively the presence of large neuroglia cells within the

supporting tissue of the optic fibres. The axis cylinders of the optic

nerve, as already stated, are medullated; but they do not receive this

white substance of Schwann in the retina, but only on emerging
through the lamina cribrosa. It is this fact that accounts for the in-

creased size of the optic nerve immediately after its emergence from
the eyeball. The nodes of Eanvier are wanting.

In considering the physiology of conduction of visual impres-

sions along the optic nerve and optic tracts it is necessary to pay
esj)ecial attention to the course of the optic fibres within the chiasm.

Each optic tract contains fibres not alone from one eye but from

half of the retina of each eye, and these halves are on the same side

of the eye as the individual optic tract. For instance, the right optic

tract contains fibres from the right half of the retina of the right

eye and from the right half of the retina of the left eye. These

two halves, however, are not equally represented in each tract, be-

cause the decussating fibres are more numerous than the non-decus-

sating fibres, therefore each optic tract represents a larger por-

tion of the retina of the opposite eye than of the eye on the same
side. Thus the right optic tract, conducting fibres from the right
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or nasal half of the left retina, represents a larger field in that ret-

ina than it does in the right retina, in which it represents a smaller

field on the right or temporal side. The reason for this is that the

nasal half of the retina covers a larger field than the temporal half,

and this is because the nose tends to limit the range of vision towards

the median line of the body.

As a consequence of the anatomical relations of the optic fibres in

the chiasm, lesions of the optic nerves, of the chiasm, and of the optic

tract give different effects. These effects are as follows

:

A total transverse lesion of the optic nerve causes complete blind-

ness of the eye on that side.

Lesions of the chiasm produce various effects according to their

location and extent. A lesion of the anterior portion of the chiasm,

if it involves the decussating fibres from each eye ; will cause blindness

in the nasal half of the retina of each eye, but as this half of the retina

corresponds to the opposite visual field, the blindness will be in each

temporal field. In making this distinction it is necessary to recall

that the nasal haK of the retina represents the temporal haK of the

visual field ; and vice versa, the temporal half of the retina represents

the nasal half of the visual field. Consequently a lesion of the ante-

rior portion of the chiasm, just referred to, produces bilateral tem-

poral hemianopsia. Again, a small strictly limited lesion of one side

of the chiasm, involving as it would only the fibres from the temporal

half of the retina of that side, would produce blindness of that half

onh'. For instance, such a lesion on the right side would produce

blindness of the right or temporal half of the retina of the right side,

which corresponding to the nasal half of the visual field would be a

right unilateral nasal hemianopsia; vice versa, such a lesion on the

left side would produce a left nasal hemianopsia. Again, a lesion of

the posterior and median portion of the chiasm would intercept the

decussating fibres from the nasal half of each retina and would conse-

quently produce blindness in the temporal halves of each visual field

;

in other words, a bilateral temporal hemianopsia, just as has been

described for a lesion intruding upon the chiasm from in front.

Binasal hemianopsia, by which is meant a blindness in the tem-

poral half of each retina with corresponding loss of vision in the

nasal half of each field, is a very rare condition. Veasey""'^ has re-

corded such a case in a woman with obscure nervous symptoms, and
with eye-grounds somewhat suggestive of Bright's disease. He also

reviews the literature, from whicli it appears that the pathology of

the condition in all cases has not been satisfactorily determined. In

one case a tumor of the third ventricle was found, and in another a

tumor of the cerebellum. In the latter case, however, a meningitis
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also was found about the chiasm. This rare form of hemianopsia
jjiobably always depends upon a bilateral lesion of the oi)tic nerves

(in front of the chiasm) involving the fibres to the temi)oral halves of

the retinae. Such a lesion may be due to syphilis. If it occurs in

cases of brain tumor we must believe that the optic neuritis caused

by neoplasm may be only partial in each nerve and may be sym-
metrically distributed.

Finally a totally destructive lesion of the chiasm involving all the

fibres from both eyes would produce blindness in both eyes, namely,

bilateral total anojjsia.

A total destructive lesion of the optic tract produces still differ-

ent effects. As this tract conducts fibres from the same half of each

eye, the blindness would be in the half of each retina on the same side

as the visual tract affected. Hence a lesion of the right optic tract

would produce blindness of the right half of the retina of the right

eye, and of the right half of the retina of the left eye; consequently

the left half of the visual field for each eye would be affected. This

is called a left homonymous hemianopsia ; vice versa, a lesion of the

left optic tract causes a right homonymous hemianopsia.

Congestion of the Optic Nerve.

Pathology.

The diseases of the ojjtic nerve may be classified as congestion,

primary atrophy, and inflammation.

The symptoms of congestion of the optic nerve visible by the oph-

thalmoscope are an increased color and a swelling of the disc. This

color is best described as brick dust. The swelling causes an oblit-

eration of the distinct outline of the disc, so that it is difficult to dis-

tinguish actively its margin from the general color of the eye ground.

The veins also are unusually full and tortuous. This condition is

sometimes difficult to distinguish, and its value as a clinical symptom
can usually be determined only by an exjjert ophthalmologist.

De Schweinitz gives the following as the chief causes of congestion

:

(a) Errors in refraction, especially hypermetropia and hypermetropic

astigmatism
;

(h) Occupations which expose their subjects to intense

glare and heat
;

(c) Toxic agents, as tobacco, alcohol, and lead

;

(d) Some diseases of the eye, as, for instance, inflammation of the

iris; (e) Disorders of the brain and spinal cord; (/) Heart disease,

violent cough, and any cause that produces engorgement of the brain,

as, for example, epileptic fits.

With reference to these several causes it may be said that clis-
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orders of the brain and spinal cord are among the most important.

Observations have been made especially in the various forms of in-

sanity. Opinions differ, however, as to the frequency or importance

of congestion of the optic disc in insanity. Some authorities have

even failed to observe it at all. Albutt, quoted by De Schweinitz,

has found the discs hypersemic in mania, but sometimes the opposite

condition, anaemia of the discs, has been observed. Albutt noted con-

gestion more frequently in chronic dementia. Lautenbach," in an

extensive study of more than seven hundred insane patients in various

forms of insanity, claimed that he had noted congestion of the retina

in as many as forty per cent, of his acute cases, but this percentage

is probably far higher than would be established hj all observers.

In some conditions of simple brain disorder in which atrophy of the

optic nerve is finally established a preceding stage of hypersemia has

been observed by Albutt and others. De Schweinitz, however, failed

to observe true congestion in these cases, although he says that there

is not infrequently a dull-red appearance with marked grayness of

the deeper layers. He has also seen such hypersemia in focal le-

sions of the brain, as for example in cerebral embolism.

In chronic epilepsy Oliver" has observed congestion not so

much as a low type of retinitis. In all conditions in which it is

claimed congestion of the optic disc is a symptom the utmost care

and expert knowledge are requisite to determine its true pathological

importance. This function belongs rather to the ophthalmologist

and the subject is best treated of in text-books especially devoted to

the subject.

The prognosis will of course depend upon the exciting cause. If

this can be remedied or relieved the congestion will disappear. In

forms of chronic insanity and epilepsy the symptom is rather curious

than important. It throws but little if any light upon the gravity of

the case or upon its future course. In cases which are followed by

atrophy the prognosis of course becomes graver, because this atrophy

is probably coincident with and significant of degenerative changes

in the brain.

Treatment of congestion of the optic disc as an isolated symptom
in diseases of the brain and spinal cord is scarcely called for. The
condition when excited by tem]iorary causes will disappear without

treatment. When it is excited by recurrent causes no treatment will

likely avail either to prevent or relieve it. When excited by refrac-

tive errors or by intense glare and heat, rest of the eye and relief from
the exciting cause are all that will be retpiired.
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Optic Neuritis.

Inflammation of tlie optic nerve is a most imijortant symptom to

the neurologist. While it usually is assigned to the province of the

ophthalmologist it should not be forgotten that it is essentially a

neurological phenomenon, that it throws most important and often

essential light upon numerous diseases of the nervous system, and
that in consequence it is properly included in the study of nervous

diseases. It is the one instance in which the neurologist is able to

see a disease process in the living nerve. Conseciuently it presents to

his eye a most realistic picture of disease. He knows at once that it

is significant of still deeper degenerative or inflammatory processes

in the central nervous system. It is consequently a symptom which

never misleads, but the failure to observe it may often result in the

most grave errors in diagnosis.

Optic neuritis has been divided by many writers into various

classes, such as neuroretinitis, descending or interstitial neuritis,

and choked disc. It is best, hov^ever, for our purposes here to treat

of it under the simple designation of optic neuritis or papillitis.

It is proper to say, however, that the distinction between descending

neuritis and choked disc jnay have practical importance. The diffi-

culty, however, is in determining this distinction. Choked disc as

described by von Graefe is that condition of engorgement, swelling,

and mechanical obstruction which is supposed to depend upon lesions

of the brain which interfere with the return circulation through the

retinal veins. Descending neuritis, on the other hand, as the name
implies, is an active inflammatory process extending along the optic

tract and optic nerve from a centrally located lesion. In practical

work, however, it is seldom possible to distinguish satisfactorily be-

tween these two conditions. Choked disc is evidentlj^ soon asso-

ciated with inflammation and degeneration of the axis cylinders as.

they emerge from the eyeball, while, on the other hand, a descending

neuritis is accompanied by swelling of the disc and engorgement of

the vessels, which practically constitute a choked disc. It is rather

the opinion now of ophthalmologists, following Hughlings Jackson,

that there is but one kind of optic neuritis, a^nd that the one element

of swelling of the disc varies in different cases according to the ex-

citing cause.

Various theories have been advanced to account for optic neuritis

in diseases of the central nervous system. Yon Graefe's theory that

it was caused by increased intracranial pressure, while it may be

true in some instances, as in gross lesions, brain tumor, etc., is not
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adequate to explain it iu many other instances. The same may be

true of the theory which ascribes neuritis to an obstruction of the

lymph spaces. The theory advanced by Jackson, that optic neuritis

may be due to an intermediation of the vasomotor nerves, is exceed-

ingly obscure and unsatisfactory. The most probable theory, it

seems to me, is that in many instances the sensory neurons of the

optic nerve suffer by the direct action of some irritating material iD

the blood. This we know is the mechanism by which a neuritis is

set up in all other parts of the body. Obscure theories of mechanical

or vasomotor intervention are scarcely necessary. The view, on the

other hand, that these optic neurons iu many diseases, as for instance

locomotor ataxia, paretic dementia, lead poisoning, are affected by

the direct action of the same causes that produce the other charac-

teristic lesions in the nervous system (i.e., the circulation in the blood

of some poisonous material such as that of syphilis or lead) is the

most rational. This view is curiously supported by the teachings of

embryology. Monro, as already stated, regards the optic nerve not as

an ordinary peripheral nerve but comparable to the posterior column

of the spinal cord. Hence it is reasonable to suppose that it would

be subject to the same diseases from the same causes that occur in the

central nervous system. Hence also the direct ravages of syphilis and

of chronic toxaemias may occur in this nerve as iu other tissues of the

cord or of the brain. It is not so easy perhaps to understand why
optic neuritis is such a common accompaniment of braiu tumors.

The theory of toxaemia in these cases seems scarcely warranted. It

is noteworthy, however, that this symptom occurs most commonly

in cases of tumor about the base of the brain, and especially beneath

the tentorium. In such cases it may be that the theory of an obstruc-

tion to the vascular or lymph systems may be the correct one. It is

conceivable, for instance, that obstruction of the lymi)li spaces might

lead to the damming up of deleterious products and that these, under-

going retrograde changes, might act by interfering with the nutrition

of these sensitive neurons or by directly poisoning them. It must be

remembered too that foci of infection may occur in cases even of

tumor of the brain. For instance, the interference with the nutri-

tion of the brain mass may so lower the vitality of parts that they

may readily suffer from various kinds of toxins. Cases have been ob-

served, in fact, in which a direct connection has been established

between inflamed optic nerves and some area of inflammation or de-

generation in the l)raiu. This is rendered all the more easil}-^ un-

derstood when it is recalled that the central connections of the sen-

sory optic neurons are very exteusive and numerous.

The Hyiiiptoiii'^ of optic neuritis are both subjective and objective.
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The subjective symptom is impairment of vision. This, however, is

not always present; in fact, a high grade apijarently of swelling and

inflammation may be present without the patient being conscious of

any limitation of his sight. In such cases, however, expert tests will

often demonstrate that the fields of vision are contracted or otherwise

limited. In cases which are far advanced, however, sight usually

becomes impaired, and in many cases may become ultimately totally

Fig. 15.—Optic Neuritis Associated with Tumor of the Cerebellum.

abolished. Blindness is occasionally an early symptom of optic neu-

ritis and may even occur almost suddenly. These variations are no

doubt due to variations in the completeness of the destructive jjrocess

in the neurons and especially to the number of neurons involved.

These factors will of course differ in different cases. Pain is not a

symptom of optic neuritis. If present in these cases it is due to the

central lesion, such as tumor or abscess, which causes the neuritis.

The field of vision may be variously impaired. It may be concentri-

cally contracted or some segment maj^ be more involved than others.

True hemianopsia is not caused by pure optic neuritis. When it oc-
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curs in such cases it is due to a unilateral lesion somewhere in or be-

hind the optic tract. Perception of colors is sometimes affected by

optic neuritis; that of red and green, according to De Schweinitz,

being usually lost first. The pupils are not affected until blindness

occurs, when of course the reaction of the iris to light is lost.

The objective symptoms of optic neuritis are visible only with

the aid of the ophthalmoscope. Thej^ are highly characteristic.

The most common of these symptoms is swelling with increased

vascularity of the papilla. This causes the outline of the disc to

become obscure until eventually the edge or rim is lost to view en-

tirely. A very early stage of this swelling, before the edge of the

disc is obscured, may be difficult to determine. The first change,

according to Gowers, is noted on the nasal side. This is due probably

to the fact that there are more nerve fibres on the nasal than on the

temporal side. As the change advances, however, the whole disc

becomes obscure and the physiological cup is filled np and obliter-

ated, although some evidence of it, as a very slight depression, may
remain visible. The color of the swollen papilla is redder than

normal as a rule, and it frequently has a striated appearance, due to

its increased vascularity. As the swelling increases it extends out

somewhat over the retina, so that its diameter may be two or three

times as great as the diameter of the normal disc (Gowers). White
blotches are seen on its surface. As the swelling increases the veins

become much swollen and more tortuous, while the arteries are dis-

tinctly narrowed. Under the microscope the swollen papilla shows

distended blood-vessels and capillaries with an accumulation of levi-

cocytes in the tissues and especialh^ in the perivascular sheaths.

The nerve fibres are seen to be degenerated just as in neuritis in

other nerves. Globules of myelin are noted. The products of de-

generation are seen, and the walls of the arteries are thickened.

The sheath of the nerve behind the globe is distended so as to form a

pyriform swelling.

The caufies of optic neuritis are numerous and may be classified

under the two heads of focal nervous diseases and general disorders.

Brain Tkimji'.—Among the most common causes of optic neuritis is

brain tumor. This is such a common symi)tom of intracranial growths

that an ophthalmoscopic examination in suspected cases is of the first

imj)ortance. I have known several instances of incipient brain tumor
in wlii(;]i the detection of inflammation of the optic ])apilla was the

first convincing proof of the presence of a tumor. Of the one hun-
dred cases tabulated liy Mills and Lloyd "' choked discs were recorded

in eight and oj)tic neuritis or ueuroretinitis in eighteen. This gives

a percentage of twenty-six. Tlie distinctions, formerly insisted upon
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by Albutt, Norris, and others, between clioked discs, papillitis,

and congestion are ncjt observed in this general statement. As said

already, these distinctions are no longer considered of great diagnostic

importance. The general result in these one hundred cases shows

that the percentage of optic neuritis in brain tumor is so high that

this symptom must be regarded as of lirst imjjortance. According

to this table the optic nerves were involved in tumors situated in all

portions of the encephalon. They were not infrequently present in

tumors of the convexity . Descending neuritis, however, according to

these authors, would seem likely to occur when the tumors are so

situated that inflammation set up by them can readily extend by
anatomical continuity along the membranes to the optic nerves.

The relative preponderance of optic neuritis in tumors in various

regions of the brain is difficult to estimate ; so too is the absolute per-

centage in all cases. The percentage given above from Mills and

Lloyd's table is far below that which is usually claimed by neurolo-

gists. This may be accounted for by the fact that that table was based

on cases picked at random from medical literature, and that probably

ophthalmoscopic appearances were not noted in all of them. Accord-

ing to Gowers'" and Bramwell " optic neuritis is jjresent in at least

eighty per cent, of all cases, and this, according to Oliver, '" is prob-

ably correct, but Nuske and Eeich, quoted by Oliver, claim a still

higher ratio. With reference to the location of the tumor, it is not

possible to formulate a positive law. The general statement, however,

is permissible that tumors about the base of the brain, and especially

beneath the tentorium, are much more liable to cause optic neuritis

than tumors about the convexity. Again, tumors of the parietal and

especially of the occipital lobes, impinging as they may upon the

optic fibres and optic centres in the brain, are still more liable to

cause oj^tic neuritis than tumors of the frontal lobes. I have known
several instances in which tumors of the frontal lobes and one in

which a tumor in the Rolandic region did not cause an optic neuritis.

These facts seem to indicate that obstruction of the vascular system

or of the lymph spaces is at least one factor in the causation of optic

neuritis. Tumors in the frontal or antero-frontal region are the least

likely of all brain tumors to cause pressure on the optic nerves or on

the vessels at the base of the brain. The products of retrograde met-

amorphosis in such cases would probably be taken up and removed

without the same risk of infecting the optic nerve fibres. Tumors of

the cerebellum are undoubtedly the most prone of all brain tumors

to cause optic neuritis. So true is this that it may be laid down
almost as a law that optic neuritis is seldom if ever absent in anj^ case

of cerebellar tumor during its entire course.
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According to Oliver the presence and degree of swelling and inflam-

mation of tlie optic nerve are in direct ratio to the rapiditj^ of

growth of the tumor rather than to the size of the mass. This is

certainly true in cases of cerebellar tumor, in which optic neuritis of

a high grade is usually an early syiiiptom. The exact location of

these tumors beneath the tentorium does not seem to be an important

factor in the causation of optic neuritis. This symptom occurs as

well in cases of tumor of the middle lobe of the cerebellum as in

those of the cerebellar peduncles. This may be accounted for by the

fact that a very small but active growth beneath the tense and

unyielding tentorium soon causes, by pressure, active symx)toms of

various kinds.

The corpora quadrigemina, in which many of the optic neurons

terminate, are very liable to suffer early in these cases by pressure or

even by direct destructive processes. The optic neuritis in cases of

brain tumor is usually double. This, however, is not an invariable

rule. In some cases one nerve is involved before the other, or the

grade of inflammation in one nerve may be greater than in the other,

or the inflammation in one nerve may have partially subsided before its

fellow is actively involved. According to Oliver the acute condition

in one eye may subside sufficiently for a careless observer to assert

that there has never been any inflammation in that nerve and that

consequently the neuritis is unilateral. He refers to a case of his

own which was under observation for a long time in which uni-

ocular optic neuritis had been diagnosed and yet in which there were

at tim'es clear symptoms of a low grade of neuroretinitis in the

fellow eye. The presence of unilateral optic neuritis in brain tumor

is, however, of some diagnostic significance, although opinions dif-

fer as to the true value of this symptom. Many authors, as Jack-

son, Broadbent, Pagenstecher, have claimed that the inflammation is

on the side opposite to the brain lesion. Others, however, deny this,

and it is probably true, as Bramwell states, that the number of cases

observed is too small to permit of a definite generalization as yet.

Oliver, however, refers to two cases of double optic neuritis, both in

children, in which the higher grade of neuroretinitis was on the side

opposite to the intracranial lesions. In a recent case reported by
Thomas and Keen"'' of a large brain tumor in the left frontal region

the optic neuritis was greater on the side of the lesion, i.e., the left

side. In such a case it is possible that pressure was an important

factor in the production of this symptom, as the lesion was a very

large one and situated in a portion of the brain where direct pressure

by a large mass downwards would l)e operative. In tumors, how-

ever, of the occipital lobe involving the optic centres in the cuueus, or
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the optic radiations, it is probable tliat a higher grade of neuritis

would be present in the eye of the opposite side, and this for the

reason that the majority of optic fibres decussate in the chiasm. I

do not wish, however, to make a positive assertion on this subject.

In partial support, however, of such a view, Oliver refers to a case

of sarcoma involving the pulviuar and contiguous i^ortions of the

internal capsule of the left side in which the right eye contained a

large hemorrhage uj)on and around the optic disc. In brief it may
be stated that the indications are that tumors of large bulk, in which
the factor of pressure is a prominent one, may cause unilateral

symptoms in the eye on the side of the tumor ; but that, on the other

hand, tumors of small bulk but of rapid growth in or contiguous to

the optic fibres either in the optic tract or in the optic radiations

within the brain, or near the optic centres in the cortex, may possi-

bly cause unilateral symptoms in the eye of the opposite side. Such
indications, however, are not sufficiently clear or numerous to admit

of dogmatic statements.

The course of optic neuritis from brain tumor varies. The in-

flammation may subside without permanent impairment of the vision,

but this of course is not a common result in such a steadily progres-

sive lesion as brain tumor. Oliver attempts to give indications for

the determination of the age or stage of progress of optic neuritis.

In the very early stages a slight haziness of the nerve head with, an
indistinctness of the scleral ring and a slightly increased fulness of

the veins may be the only signs present. In more advanced cases the

disc will be swollen and projecting into the vitreous humor—the upper,

inner, and lower portions, especially the papilla, being the most swol-

len. The outline of the disc will be obscured, the veins will be more
swollen and tortuous and even lost to view at some points in or near

their passage into the nerve, while the arteries will be greatly con-

tracted. The appearance of striation caused by slight hemorrhages

or by the prominence of smaller vessels becomes marked. From this

acute stage the inflammation passes into what may be called a more
chronic stage, and the swelling of the nerve head decreases, the outer

or temporal border being first seen. The extravasations of blood will

disappear. The vessels are no longer embedded in swollen retinal

tissues and consequently can be traced farther and more distinctly

upon the disc. They also become more nearly normal in appearance.

Later the appearance of a postneuritic atrophy becomes still more
marked ; the outlines of the swollen disc (papilla) become more dis-

tinct; the contracting tissue squeezes the blood-vessels still more;

the appearance of striation gradually disappears, and thus finally

the nerve head or papilla presents the appearance of total atrophy.
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The prognosis for the optic ueuritis itself is not good as a rule in

brain tumors. In those cases in which the initial swelling is very

great and consequent loss of vision more pronounced, there may be im-

provement in sight after the diminution of this swelling takes place.

The ultimate result to sight will of course depend upon the complete-

ness of the inflammation and the number of fibres involved. As a

rule there is slowly decreasing vision so that in many cases of brain

tumor total blindness is the result, and in those cases in which this

does not result it is probably because the fatal issue occurs before

the degeneration of the optic neurons is complete. According to

Oliver, in cases in which the neuritis has taken place without previous

choking of the disc the vision gradually fails from the beginning. In

view of the possible relief from brain tumors by. surgical interference

it is well to state that blindness in many of these cases is probably

not the necessary result, even after a high grade of neuritis is reached,

provided the neoplasm can be extirpated.

The treatntent of optic neuritis in cases of brain tumor is of course

quite impracticable. The only hope for its relief rests in the total

extirpation of the neoplasm.

Abscess of the Brain.—Another cause of oj)tic neuritis is abscess of

the brain. This abscess is usuallj^ secondary to some suppurating

process in other regions of the body. The most common cause is

suppuration of the bones of the ear. Metastatic abscesses, however,

in cases of general blood poisoning are occasionally seen. In rather

rare cases the foci of suppuration are in the nasal or orbital bones.

As a symptom of abscess of the brain optic neuritis is of great

importance, although it is not nearl^^ so common as in cases of brain

tumor. Its importance in cerebral abscess arises from the fact that

it mnj in some cases confirm a diagnosis that might otherwise be

obscure. In cases, for instance, of ear disease, in which the cerebral

symptoms may be disguised, the presence of choked disc might

furnish an important clew to the presence of an abscess in the brain.

Oliver states that in the cases of children, if pus formation be rapid

and extensive, pressure will soon ensue and give rise to optic neuritis.

On the other hand. Keen'" states that optic neuritis is not frequent in

cereV)ral abscess, and again that the presence of choked disc does not

seem to be pathognomonic, as this symptom is sometimes present

and sometimes al)sent. Oliver claims tliat the optic neuritis of ab-

scess of the brain is usually not so marked as is that of brain tumor,

and that it is more likely to be unilateral and as a rule more decided

in its onset. As is well known, abscesses of the brain have often a

latent ])eriod, and it is during this period especially that the detec-

tion of optic neuritis might be of great importance. Gowers claims
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that while inflammation of the optic nerve in lenn common in abscess

than in tnmors, it is probably more frequent than is susijected. He
suggests that the ophthalmoscope would probably show that during

the latent stage this important symptom frequently precedes the onset

of the more acute symptoms. According to him it is more common
in traumatic abscess than in other forms.

The statement of some writers that choked disc is found only in

the very largest abscesses of the brain is not warranted by facts.

Optic neuritis has but little if any localizing value as a symptom
of cerebral abscess. It will not permit of a differential diagnosis be-

tween a cerebellar and sphenotemporal abscess. Neither will it aid

us in deciding upon which side of the brain the abscess is situated.

In some cases it is reported as more marked upon the side opposite

to that upon which the abscess is situated. It is even seen in cases

in which the abscess is situated in the frontal lobe. In a recent case

of abscess of the brain, Lannois and Jaboulay" observed hemian-

opsia on the side opposite the lesion. The abscess was situated in

the left occipital lobe, and was associated with alexia, agraphia,

word-blindness, and facial paralysis. It was caused by disease of

the ear.

Basilar Meningitis.—Optic neuritis is much more common in this

form of meningitis than in inflammation of the membranes of the

vertex. In these cases it is probably caused by direct descent of the

inflammation along the optic tract and nerve. Many authorities, as

Bramwell, Hughlings Jackson, Gowers, and Oliver, state that the

papillitis of meningitis is less intense than that of brain tumor.

Gowers, for instance, says that usually the swollen papilla is paler

than that which is found in other conditions. Oliver says that in

the few cases observed by himself the venous engorgement was

slight, while the disc was somewhat swollen and its edges hazy,

but that the retinal hemorrhages ordinarily seen in other conditions

were present in only one case. In tuberculous meningitis aggrega-

tions of tubercles may possibly be seen in the choroid. The changes

in the nerve head and retina may be more pronounced, however, in

tuberculous meningitis than in simple purulent meningitis, and this

is probably due to the fact of the formation of tubercles in the

choroid itself or to the masses of tubercles at the base of the brain

acting like a tumor. The percentage of cases of oj^tic neuritis

in tuberculous meningitis has been asserted by Garlick, quoted by

Oliver, to be as high as twenty-one out of twenty-six cases. It is

possible that optic neuritis is more common at some stage of menin-

gitis than the reports indicate, as many of these cases are probably

not subjected to as careful and frequent ophthalmoscopic examination
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as tliey might and should be. lu the syi^hilitic form, for instance,

optic neuritis is probably not uncommon. In fact, in hereditary

sj^Ijhilis this may be the cause of blindness.

Hutchinson reports a case of unilateral optic neuritis in a man
of fifty who was the subject of extensive nerve syphilis. In such

a case it is possible that the lesions began in a localized leptomenin-

gitis at the base of the brain involving one optic nerve only. In

such a case the presence of optic neuritis is of great diagnostic

importance. In epidemic cerebrospinal meningitis optic neuritis

is sometimes seen. It would probably be reported oftener in the

grave forms of this disease were they not so rapidly fatal and so grave

in character that an examination of the nerve head is not usually

made because of the difficulties caused by the patient's condition.

In these cases emboli and thrombi may be noted in the eye-ground. In

spite of these grave conditions consecutive atrophy and permanent

loss of vision are not common in cases which recover.

In hemorrhagic pachymeningitis there rasij be an inflammation

of the optic nerves, but observations on this subject seem to be rare.

Gowers calls attention to the importance of ophthalmoscopic changes

in traumatic meningitis. In cases in which trauma leads to purulent

meningitis about the base of the brain, optic neuritis may naturally

be looked for; but there is a class of cases with fever, delirium, and

even convulsions, not necessarily associated with basilar meningitis,

in which optic neuritis may be seen. In cases in which the symp-
toms are only subjective the presence of optic neuritis, following

trauma, might be of great diagnostic importance.

In sunstroke, or thermic fever, which is often associated with

forms of meningitis, optic neuritis may appear. Hotz"' claims that

atrophy of the optic nerve is not uncommon in this country as a re-

sult of sunstroke. The arteries are narrowed as the result of inflam-

mation. He observed these conditions not only after exposure to the

sun, but after exposure to intense heat of other kinds. According to

this author the inflammation is exudative in character and associated

with choroiditis sufficient to cause detachment <^f the retina.

Lhsular sclerosis, according to Oliver, ma^^ cause optic neuritis if

the patch be near the ocular globe. As a rule, this symptom is more
marked on one side. According to Gowers, however, ophthalmoscopic

signs are rare in this disease. He makes the statement that even

in those cases in which patches of sclerosis occupy the optic nerve

itself, the nerve fibres ]oassiug through are not destroyed, their axis

cylinders persisting and retaining their function, only somewhat im-

I)aired. Such is not always the case, certainly, with these patches in

other portions of the nervous system.
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Diseases of the spinal cord may be associated with optic neuritis.

Myelitis is one of these diseases. These cases are not very common,

and when they occur the optic neuritis is probably caused by the

same blood state, or poison, that causes the inflammation of the

spinal cord. Katz relates a case in a woman of associated optic neu-

ritis and acute myelitis. The symptoms were paralysis in the lower

limbs and sensory impairment as high as the chest. The sphincters

were affected. At the autopsy disseminated myelitis was found and

atrophy of the optic nerves and the chiasm. Katz collected twenty

cases. There were rapid loss of vision and swelliug of the discs.

Partial restoration of vision occurred in some, but complete blindness

in others. The myelitis was either in the dorsal or lumbar region.

Katz regards the affection as due to involvement of the sympathetic, as

there is no direct anatomical connection—but this view is highly un-

satisfactory. The best explanation is that a common cause (probably

a toxaemia) exists for the inflammation in these dissociated regions of

the central nervous system.

Syphilis.—When we consider the probability that syphilis is an

active cause of myelitis or meningomyelitis, we can readily conceive

that the optic nerves and tract may suffer from the presence of this

poison in the blood. Syphilis, as we know, acts upon the nervous

tissues, as a rule, through the vascular ' system. It excites an

inflammatory process in the coats of the small blood-vessels. We
have already seen that the development of the retina and optic fibres

suggests a close analogy between them and the sensory fibres in the

spinal cord. It is therefore unnecessary to suppose that there

must be any direct anatomical connection between the cord and the

oi)tic fibres in order for them to suffer from the same poison in the

blood. Syphilis seems to exercise a selective action, and thus prob-

ably tends to commit its ravages upon the optic sensory neurons at

the same time that it invades the spinal cord. Locomotor ataxia, al-

though not infrequently attended with changes in the optic nerve,

rarely, if ever, presents acute or high-grade optic neuritis. Albutt

described a stage of hypersemia, or chronic optic neuritis, as preced-

ing the optic atrophy so commonly seen in locomotor ataxia, but

Gowers claims that this observation has not been confirmed by other

observers. The atrophy of the optic nerve in locomotor ataxia will

be described later.

Injuries to the spine are probably never attended with true optic

neuritis. Attempts have been made in recent years to prove the con-

trary. This is no doubt due to the stimulus which this subject has

received from litigation. Cases of railroad spine have been over-

studied, symptoms have been exaggerated, and it is possible that some
Vol. XI.—

9
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observers have tliouglit tliat tliej^ saw wliat they were looking for,

when they noted minute and doubtful changes in the eye-ground of

sotiie of these litigants. Albutt's observations seem to prove, how-

ever, that ocular changes do occur in some cases of injuries to the

spinal cord, especially at high levels. These changes are mostly con-

gestion and undue redness of the disc, and they have been claimed

by this observer to indicate a mild degree of neuritis. Certainly no

very pronounced acute neuritis, however, is claimed, so far as I know,

by any observer as occurring in the ordinary cases of railway sx)ine.

It is to be remembered, in this connection, that many of these cases

have subjective hysterical symptoms, among which various limita-

tions of the field of vision are not uncommon. This fact should put

observers on their guard against misinterpreting subjective eye

symptoms at least.

Bright' s disease of the kidney is another cause of optic neuritis.

The commonest form is the well-known albuminuric retinitis. This

is seen especially in chronic cases ; as in both interstitial nephritis

and chronic parenchymatous nephritis. This form of retinitis, as its

name implies, is usually associated with albumin in tlie urine, but its

cause is evidently the same ursemic jjoisoning of the blood that ac-

counts for the many other vascular changes seen in Bright' s disease.

Hence the amoujit of albumin in the blood, or even its presence there,

is in no respect an indication or cause of this retinitis. Cases might

occur in chronic interstitial nephritis in which little, if au}-, albumin

is present. It is in such cases especially, in which the kidney disease

has probably been insidious, with albumin not always present in the

urine, that the importance of inspection of the eye-ground may be

the greatest. A slight hypertrophy of the heart, with an accentua-

tion of the second sound and a pulse of high tension, should indicate,

therefore, the necessity for an ophthalmoscopic examination. In such

cases the presence of the characteristic albuminuric retinitis may
occasionally be even more confirmatory than an examination of the

urine. According to Gowers, the objective symptoms of albumin-

uric retinitis are 'diffuse but slight opacity and swelling of the retina

due to oedema, white patches due to the degenerative process, hemor-

rhages, inflammation of the nerve head, and later consecutive atrophy

of the retina and nerve. These various signs vary in different cases,

so that different types of albuminuric retinitis are recognized by
ophthalmologists. In cases in which the white spots predominate the

degenerative process is the most marked; in others the hemorrhages
are the most conspicuous ; in others again, the cedema and inflamma-

tion of the retina are most prominent, while in others still, inflam-

mation of the nerve head may ])redominate. These various types,
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however, are often associated or merge into eacli other, as, for in-

stance, the degenerative and hemorrhagic conditions succeed the in-

flammatory state. The most characteristic type is that in which the

white patches of degeneration and the retinal hemorrhages are the

most conspicuous. These white spots of degeneration may api)ear

near the disc, or at a distance from it. They tend to become larger

and more irregular as the case advances. They are often especially

conspicuous in or around the macula lutea, where they present a

radiating form. In time they may form large areas.

The hemorrhages which are very constant in albuminuric retinitis

may appear in association with the white spots. They also present

a striated arrangement, caused by the course of the nerve fibres,

among which they lie. They are sometimes seen in direct relation

with the vessels ; sometimes they are quite large.

In some cases of well-marked albuminuric retinitis the optic disc

is not markedly affected; in others, however, the edge becomes ob-

scured, while in cases in which the disc is inflamed it may be swol-

len, its edge completely obliterated, and its vessels concealed in the

puffy tissue. In some few cases the swelling and inflammation of

the optic disc are the most consj)icuous symptoms, so that the condi-

tion simulates that seen in intracranial disease. Even in these cases,

however, careful inspection will usually reveal small hemorrhages

and signs of retinal degeneration. The subjective symptoms of

albuminuric retinitis may be almost entirely absent. In course of

time, however, affection of vision results, as, for instance, amblyopia

and impairment of the color vision. Various limitations of the field

of vision may be seen, as central or annular scotomata, caused by the

degenerative patches in or near the macula lutea. Complete blind-

ness is not common, although attacks of amaurosis sometimes occur

even quite suddenly. In most cases death results from the advance of

the kidney disease before the destruction of the optic fibres is com-

plete. The course of albuminuric retinitis is, in fact, not always

steadily progressive. Remissions occur, and Gowers states that

retrogression may proceed until the changes noted disappear.

The progress of the disease has been observed to be influenced even

by treatment; active purgation may lessen it, while constipation,

on the contrary, aggravates it. In the albuminuria of pregnancy,

in which changes in the retina sometimes occur, complete cure

may result after a successful delivery. As a rule, albuminuric

retinitis furnishes ground for an unfavorable prognosis in chronic

Bright's disease. According to Gowers such patients seldom live

two years.

Local treatment for albuminuric retinitis is quite useless. The
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only improvement possible is from general treatment for tlie state of

the patient's blood, especially by purgation and diaphoresis.

Retinal hemorrhages are also seen not infrequently in- pernicious

anannia. As a rule, however, in this disease, according to cases thus

far reported, the signs of active inflammation of the nerve head and

retina are not seen. The hemorrhages are probably due to the de-

praved condition of the blood, and possibly to some deterioration in

the walls of the small blood-vessels. In our ignorance of the exact

pathology of pernicious anaemia we cannot claim that the disease is due

to anj' special blood poisoning, although the theory that it is thus

caused is in accord with the clinical findings. In a case recentl}^ re-

ported by the author,'^ these retinal hemorrhages were observed.

This case occurred in a man who had been exposed to syphilis, alco-

hol, and malaria. On admission to the hospital he was markedly

ansemic, the red blood cells being reduced ultimately to 800,000.

The blood presented also many poikilocytes, with slight excess of

leucocytes. At the autopsy degeneration of the i^osterior columns

was found, and beginning slight degeneration of the lateral tract. An
examination of the eyes was made hy De Schweinitz," who found

the vessels of both retinae diminished in size, and the retinae them-

selves the seat of many hemorrhages. In view of the deterioration

of the blood and blood-vessels of the retina which these findings sug-

gest, it is perhaps allowable to suppose that cases may yet occur in

which the optic nerve fibres may be found either inflamed or atro-

i:>hied.

Disease of the Cranial Bones, especially when it involves the mem-
branes, may cause optic neuritis. These cases, however, are proj)-

erly to be classed with cases of meningitis. This disease is usually

a caries associated with purulent meningitis, and the inflammation

frequently extends to the optic tract or optic nerve by direct conti-

nuity.

Gowers refers to several cases of general hyperostosis of the bones

of the skull in which optic neuritis or atrophy was observed. In

some of these cases narrowing of the optic foramina had occurred,

and this by causing pressure on the nerve trunk had probabl}'^ excited

an inflammation.

OrbUal Injlammation.—A form of optic neuritis within the orbit is

described by ophthalmologists. In this form the changes in the pa-

pilla are secondary to the inflammation of the nerve in the orbit, and are

not always inflammatory in character, but may bo simply atroi^hic,

the result of the deeper seated inflammation. Such cases may be

caused by an inflammation within or at the back of the orbit, such as

the cellulitis caused by facial erysii)elas. In these cases inflammation
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may or may not be seen in tiie nerve head. Its presence there depends

entirely upon whether the process extends thus far along the nerve

trunk. In this connection it must be remembered that the cell bodies

of the optic neurons are in the retina, that consequently the nutritive

centres of these neurons are not impaired in such cases, and that, ac-

cording to the Wallerian law, the descending degeneration would ex-

tend brainward, and not towards the retina. The fact is, how-ever,

that in some of these cases distinct evidences of atrophy are visible

in the discs, and this may be due to the involvement of those optic

fibres that grow from the brain into the retina. In some of these

cases blindness occurs very early, and may not be associated with the

visible signs of acute inflammation of the optic disc. In such cases

exophthalmos, not necessarily of high degree, may occasionally be

seen. Another form of orbital or retrobulbar optic neuritis is the

chronic form caused by certain toxic agents, such as lead, alcohol,

and nicotine. It is also seen sometimes in infectious diseases, such

as rheumatism, diphtheria, and the various exanthemata. It has

been described by De Schweinitz under the title, " Toxic Amblyopia.

"

As in the acute form signs of active inflammation in the nerve head

are often invisible. Occasionally, however, the disc may be slightly

swollen and the color deepened, w^hile a patch of consecutive atrophy

appears later, especially in the lower and outer segment. The sub-

jective symptoms of this condition are characteristic. These are di-

minution of vision and central scotoma, usually oval in shape, between

the fixation point and the blind spot in which the perception of red

and green especially is lost. The commonest causes for this retro-

bulbar optic neuritis are tobacco and lead. Other poisons, such as

alcohol, quinine, opium, carbon bisulphide, and iodoform, and pos-

sibly also rheumatism, gout, and diabetes may cause it. The path-

ology is the same as that in peripheral neuritis. The process affects

especially, for some unknown reason, the papillomacular fibres of

the optic nerve.

In chronic lead poisoning, according to T. Oliver, atrophy of the

optic nerve head is not infrequently observed. It is possible that

most of these cases of atrophy result from a retrobulbar optic neuritis

such as has already been described.

Changes somewhat similar to those seen in albuminuria and per-

nicious anaemia occur occasionally in diabetes. Hemorrhages and

spots of degeneration may be observed in the retina. Ophthalmol-

ogists observe fine distinction between these spots and those of albu-

minuric retinitis. Nettleship" has depicted the changes due to

retinitis in diabetes, and Gowers gives a minute description of the

changes in the eye-ground due to diabetes. But as this subject be-
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longs rather to ophthalmolog}^ than to neurology no attempt is made

in the text at an elaborate description.

Infectious Diseases.—In typhoid fever instances have been re-

ported of optic neuritis which, however, were probably due to as-

sociated meningitis. In typhus fever changes in the optic nerve are

rare, and when they occur are probably the result of meningitis or

the results of emboli or thrombi.

In relapsing fever Oliver says that choroiditis, cyclitis, and retinal

and optic nerve complications may all appear. In scarlet fever, ac-

cording to this author, double papilloretinitis has been observed

without the presence of albumin in the urine. In such cases the

changes in the optic nerve are probably due to a complicating men-

ingitis. In the multiple neuritis following diphtheria grave optic

nerve disease, while rare, has been seen. Oliver quotes a case in a

boy aged twelve years who had double retinitis with partial degener-

ation of the ojptic nerve and who at the end of five years had marked

reduction of normal vision in both eyes.

In measles optic nerve changes have also been observed. These

are probably due to an inflammation of the nerve extending from a

meningitis. In such cases the possibility of a localized tuberculous

infection of the meninges must not be ignored. In whooping-cough

changes in the eye-ground may be caused by hemorrhage from the

rupture of a vessel during a paroxysm. Embolism may occur. Such

complication is probably the most apt to occur in patients suffering

with pneumonia and meningitis.

In smaU-pox, according to Oliver, deep lesions of the eye are in-

frequent. The case referred to by Gowers in which optic atrophy

appareutl}^ dated from an attack of small-pox is open to some doubt,

as the patient had symptoms of locomotor ataxia.

In malarial poisoning changes in the eye-ground are not unob-

served. Oliver, however, thinks that affections of the optic nerve in

these cases are rare. He says that the discs may become very pallid

and white, but the retinal vessels are small, while limitations of the

visual field are observed. In the malignant malaria of the tropics

hemorrhagic retinitis with perineuritis may be observed, while fine

striated hemorrhages ma^- be seen in the retina. In some of these

cases of retiiaal hemorrhages in malaria tlie optic nerves are not

necessarily inflamed. During the paroxysm Eamorius, quoted by
Gowers, observed that the nerve heads were pallid and the retinal

vessels, both arteries and veins, were very small.

In yellow fever, according to Guiteras, emboli or thrombi ma}-

give rise to visual disturbance. In leprosy grave ocular changes may
occur. The nerve substance may be infiltrated while the choroid and
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even the retina may be inv(jlved. Pollock, (inoted by Oliver, asserts,

however, that no atrojihic or pigment spots have ever been observed.

Optic Atrophy.

Atrophy of the optic nerve may be either primary or secondary.

The latter is the result of a jjrecedent inflammation, such as has al-

ready been described. In all cases of acute inflammation of the optic

nerve a subsequent atrophy is the chief result to be feared. This ot

course indicates a destruction of the nerve fibres and if it is perma-
nent results in impairment or loss of sight. The first or primary

form of ox)tic atrophy occurs without a i^recedent inflammation. In
these cases, it is true, slight jjrecedent congestion and redness may
be observed, but in the main the process is a destructive atrophic one

from the beginning. The question of its exact pathology cannot be

discussed in detail here. It may be thought in some cases to be

identical with the slow parenchymatous degeneration that character-

izes so many of the systemic diseases of the central nervous system.

This is the more j^robable since it is often associated with such dis-

eases. We know, for instance, that locomotor ataxia is apparently due

to a slowly degenerative process affecting esjiecially the axis cylinder;

that the signs of inflammation in the connective and vascular tissues

are often not prominent. Optic atrophy is probably due to a similar

process caused by the action of some toxic agent in the blood. If

this view of the pathology of some forms of primary optic atrophy,

especially that seen in locomotor ataxia, is correct, the process of

degeneration is somewhat different from that following inflammation.

The appearances of ojitic atrophy are quite characteristic. These
are especially increased pallor of the disc, increased distinctness in

its outline or margin, and as a rule depression of the disc. In esti-

mating variations in the color of the optic disc great care and expert-

ness are essential on the part of the observer. The optic disc is

normally of a delicate pink, not a dead white, and is in marked con-

trast with the redness of the surrounding eye-ground. Optic atrophy

of course gradually affects this delicate color so that it is gradually

lost and the disc is soon a dead white or gray color. In the begin-

ning the pallor is most marked on the temporal side, where the fibres

of the optic nerve are the least numerous. On the nasal side, in which

the normal pink is most marked, the pallor becomes of course the

more conspicuous by contrast with a normal disc. These fine shades

of distinction can be determined satisfactorily only by an expert

ophthalmoscopist. In advanced cases the whole disc is involved.

Two forms of optic atrophy—the white and the gray—are described,

but this distinction is of little clinical significance.
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Wlieu tlie atroplij^ is comi)lete the edge of tlie disc is even more

distinct than in healtli ; the outline is sharply defined ; the sclerotic

ring is more cloar than normal but not always easily distinguished

because it gradually merges into the pallor of the disc itself The

pigmentary ring at the edge of the disc may be unusually clear.

The disc itself, instead of being swollen as in optic neuritis, is

usually depressed. This depression varies in different cases owing to

variations in the amount of proliferation of the connective tissue. The

peculiar mottling due to the lamina cribrosa may become unusually

distinct. The blood-vessels in optic atrophy are not always changed

in size. According to Gowers the vessels in gray atrophy undergo

little or no change ; io white atrophy the arteries are smaller, but the

veins are not swollen or more tortuous ; in fact the veins also may
shrink.

The subjective symptoms of atrophy of the optic nerve consist of

various forms of limitation of the field of vision passing into com-

l)lete blindness. According to De Schweinitz these limitations con-

sist of contraction, irregular angular limitations, quadrant-shaped

defects, loss of one-half of the field, and abnormal blind spots or

scotomata. In some of these cases of ataxia the red and green fields

are markedly contracted.

The causes of optic atrophy are usually some blood states that

cause degenerative diseases in other i)arts of the nervous system as

well as the optic nerve. The most common of these undoubtedly is

locomotor ataxia. The proportion of cases of tabes in which atrophy

of the optic nerve occurs is j^erhaps not definitely ascertained. It is

certainly very frequent ; in fact, optic atrophy is seen more frequently"

in posterior sclerosis than in any other disease. Berger, quoted hj

De Schweinitz, gives forty-six per cent, as having been th*e proportion

observed in his own cases. Gowers, however, gives a much lower

percentage. Of seventy cases of tabes only nine presented atrophy.

He quotes Voigt, who found it in nine out of fifty-two cases, and

Erb, who found it in seven out of fifty-six cases. These results give

only about fourteen per cent., which from my observation in the wards

of the Philadelphia Hospital I should say was entirely too low.

From the converse point of view, spinal symptoms appear in a very

large proportion of cases of primary optic atro])hy. We have the

high authority of Charcot for the statement that nearly all cases of

primary optic atrophy present spinal symptoms eventually. Gowers
states that the proportion of these cases is about fifty per cent.

Atrophy of the optic nerves may appear early in locomotor ataxia,

even before the onset of motor disorders. There is in fact a so-called

sensory type of tabes in which fulgurant i)ains, in association with
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atrophy of the optic nerves, are for a long time the only marked
symptom. Brissaucl '""-' refers to this type as being jjarticularly

liable to arthropathies. It may persist for many years before the

onset of motor symptoms. In such cases the appearance of primary

insidious atrophy should always excite the susi:)icion of beginning

disease of the spinal cord or cerebrum. I now have under observa-

tion in the Philadelphia Hosx^ital a man who has been blind for

several years with complete primary oj)tic atrophy, but who presents

as yet very few symptoms of disease of the spinal cord.

Optic atrophy in locomotor ataxia usually appears in both eyes,

although one eye may be affected before and to a greater degree for a

time than the other. The atrophy is usually slowly but surely pro-

gressive, and sight in many of these cases is ultimately entirely lost.

Loss of knee-jerks is an important confirmatory symptom in some of

these sensory types of tabes. Instances are given of an extraordinary

duration of this sensory type before the appearance of ataxic symp-
toms. Buzzard reported a case which existed for fifteen years.

Gowers refers to one in which the atrophy lasted twenty years be-

fore the appearance of the ataxia. Although sight is lost in these

cases the patients may walk with comparative steadiness, and this is

in marked contrast with the ataxic gait of the motor type of cases in

which, as is well known, the patient's ataxia is much increased on

closure of the eyes.

The appearances of optic atrophy in locomotor ataxia are prac-

tically those that have already been described. The disc is gray

in tone, the edge sharp, the sclerotic ring unusually clear, while

the cancellations of the lamina cribrosa are often visible. The vessels

as a rule are normal in size. The optic atrophy of locomotor ataxia

frequently involves the whole course of these sensory neurons, hence

it can be traced brainward through the chiasm as far as the external

geniculate bodies. The change as found consists of an atrophy of

the nerve fibre with some proliferation of the interstitial tissue.

The weight of evidence seems to be in favor of the process being

primarily parenchymatous, and its resemblance to that in the cord

is usually considered by pathologists as striking. Gowers, however,

seems inclined to dissent from this view. The one subjective symp-
tom of optic atrophy in tabes is failure of vision. The last part of

the field that disappears is usually about the fixation point. As
the initial limitation of vision is in the periphery, the patient himself

may for a long time be unaware that he is becoming blind. Color

blindness, especially blindness for green and red, is an early symptom.

From what has already been said, it is evident that atrophy of the

optic nerve in locomotor ataxia does not depend upon the atrophy of



138 LLOYD—CEKEBKOSPINAX, AND SYMPATHETIC NERVES.

the posterior columns of tlie spinal cord; that is to say, there is no

direct anatomical connection between the two sets of fibres. In other

words, the disease iDrocess in both is dependent upon a common
cause; and this, according to the modern view, is j)robably some

toxaemia, especially that caused by syphilis. The origin of the optic

nerve, as ah'eady said, is in the cell bodies of the sensory neurons,

located in the deep ganglionic layers of the retina; while the origins

of the sensory neurons in the spinal cord are in the ganglia

of the posterior roots. It seems probable therefore that in both

cases the disease process begins independentlj^ in each set of neurons.

This supposition is rendered more j)robable bj^ the fact that the

oj)tic nerve, contrary to former teaching, is not a true x)eripheral

organ, but is strictly analogous, from the embryological standpoint,

as Mom'o has pointed out, with the sensory tracts in the spinal cord.

The prognosis of optic atrophy in locomotor ataxia is unfavorable.

Recovery of sight is just as rare as recovery from the other symp-

toms of tabes. The progress, however, of the optic atrophy is some-

times exceedingly slow and many years may elapse before the patient

is completely blind.

General paresis presents optic atrophy not unfrequently. The ex-

act frequency of this symptom is a question of some doubt. The

statement of Albutt that only 5 cases out of 53 presented normal

papilla is jjrobably misleading. A later observer, Uhthoff,'' found

atrophy of the disc in 8.04 per cent, of his cases. Of 167 cases re-

corded by Galezowsky and others (quoted by De Schweinitz) 7.02

per cent, presented optic atrophy. Other observers claim about the

same figure, 5 and 6 per cent, being about a common average.

Spitzka found atrophy in 3 cases of general paresis out of 39, while

choked disc was seen in but 1 and pronounced hypersemia in 4.

According to this last observer the atrophy is found most commonly
in those cases of general paresis that are associated with pos-

terior sclerosis of the spinal cord. While this is undoubtedly true,

it would be a mistake to suppose that this type alone of general

paresis presents optic atrophy. I have seen it in a number of cases

in the Philadelphia Hospital in which the symptoms of tabes were

absent. This atrophy in general paresis is practically identical in

appearance with that which has already been described in locomotor
ataxia. It seems, however, according to Oliver, that the atrophy
is especially marked on the temporal side—an observation that was
verified l)y Spitzka. In addition to the optic atrophy, general pare-

sis sometimes presents a slight discoloration of the disc and sur-

rounding parts of the retina.

This degeneration of the optic nerve in general paresis, just as in
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locomotor ataxia, is probably an exi)ression of tlie general systemic

affection rather than the result of the i^rogress of the disease bj^

direct continuity of the optic nerve with the cerebral centres. Clini-

cally, just as in locomotor ataxia, it causes at first various limitations

of the fields of vision, passing ultimately into total blindness. This

result, however, may be long delayed.

Insular sclei'osis not infrequently presents atrophy of the o^jtic

nerve. According to Uhthoff "' who analyzed 100 cases—G7 males,

33 females, the figures are as follows: 3 cases presented complete

atrophy, 19 cases incomplete atrophy, and 18 cases atrophy of the

temporal half of the disc, somewhat similar to that described in

general joaresis.

According to Uhthojff the changes in the optic nerve in multiple

sclerosis have special characteristics that distinguish them from other

forms of atrophy. They stand midway between tabetic atrophy on

the one hand and postneuritic atrophy on the other. The changes

appear to resemble those of interstitial neuritis marked by prolifera-

tion and growth of nuclei. Atrophy of the nerve substance follows

as a secondary result. The medullary sheaths are destroyed rapidly,

the axis cylinders being preserved permanently in many places. The
blood-vessels undergo changes in their walls with proliferated tissue

around them. Descending degeneration of fibres is sometimes absent.

The i3ai)iUa may even maintain its normal appearance although ex-

tensive retrobulbar atrophy has occurred. Uhthoff speaks evidently

of descending degeneration passing from the brain to the eye. We
know now, however, that the trophic centres of many of the optic

fibres are in the cell bodies of the neurons of the deep ganglionic

layer of the retina. It is evident, in fact, from Uhthoff's description

that the most intense change often occurs in the retrobulbar portion

of the optic nerve and that the papilla and retina show comparatively

few changes. This evidently indicates that the trophic centres of

these optic neurons are not primarily involved.

Uhthoff gives the following table of the sex and age of his one

hundred patients with multiple sclerosis

:

Age.

1 to 10

10 to 20 ..

Males.

4

3

Females.

2

4

9

12

Age.

40 to 50

50 to 60

Males.

16

4

Females

3

3

20 to 30 . 18

23

60 to 70 1

30 to 40

Optic neuritis was present in 5 cases ; it was monocular in 3 and

binocular in 2. Vision was affected in 4 out of the 5 cases. The

appearances were normal in 48 cases. In 5 of these, however, there

was disturbance of vision, and in 1 of the latter cases changes in the op-
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tic nerve were discovered uj)ou microscopic examination after death.

Among changes noted in the fields were central scotoma with intact

periphery, central scotoma with peripheral conti'action, irregular

peripheral contraction with relatively good central vision, and in 1

case regular concentric contraction of the field. The course of the

amblyopia was traced in 22 of these cases. In one-half it came on

rapidly, in the others gradually. In some cases improvement of

vision occurred and in 2 cases recovery of normal vision was noted.

In 4 cases the amblyopia was an initial symptom preceding all other

sj-mptoms of the multiple sclerosis by as much of an interval as from

two to three years. The first symptoms were those of retrobulbar

neuritis.

Uhthoff gives statistics also of paralysis of the ocular muscles

met with in his one hundred cases, as follows

:

Paralysis of the ocular movements present in 17 cases, viz.,

paresis of the sixth nerve, 6 cases (binocular in 2, monocular in 4).

Paresis of the third nerve, 3 cases (monocular and partial in each

instance, in 1 case the levator of the lid and superior rectus being

affected, in 1 the internal rectus and in 1 the superior rectus) . Pare-

sis of associated movements, 2 cases (of lateral movements in both

directions in 1, towards the left in 1, upwards in the third). Paresis

of convergence in 3 cases. Pronounced ophthalmoplegia externa in

2 cases. Nystagmus was met with in 58 of the cases. Involvement

of the pupils was rare, being found only in 11 of the 100 cases.

It thus appears that insular sclerosis ranks next to locomotor

ataxia in the frequency with which it presents optic atrophy. De
Schweinitz'^ regards the amblyopia of multiple sclerosis as most re-

sembling non-toxic retrobulbar neuritis. According to Gowers this

amblyopia, however, rarely goes on to complete loss of sight. He
even claims that it may be unattended by the ophthalmoscopic signs

of atrophy. In some cases the optic nerves, he saj^s, are occupied

by patches of sclerosis just as in the central nervous sj^stem. The
nerve fibre, he thinks, may pass through these patches intact.

In Friedreich's ataxia atrojohj" of the optic disc has been observed

by Power and Seguin, quoted by Grifiith." In this latter author's

elaborate study these two cases alone out of one hundred and forty-

three cases presented optic atrophy. To be sure, he says that oph-

thalmoscopic examinations had been made in only about thirty-eight

of these cases. In none of them was any change of importance noted

excepting in Power's case, in which the discs were rather white, and
in one of Seguin 's, in which there was partial atrophy of both optic

nerves. Oliver found narrowed field in one of Sinkler's cases and

this he attributed to changes similar to those seen in tabes. De
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Schweinitz states that he has made similar observations. On the

whole, according to Griffith's table, the study of the eye-ground in

this disease has been too much neglected, and it is possible the

changes in the optic nerve may be found yet to be more common than

is generally supposed. In a well-marked case of Friedreich's ataxia

at present under my observation in the Philadelphia Hospital the

visual fields are slightly contracted.

In amyotrophic lateral sclerosis atrophy of the optic disc is not

commonly observed. Isolated cases are on record, however, as that

of Petelsohn, (juoted by De Schweinitz.

In lateral sclerosis it is also practically unknown. I do not recall

an instance of it in my observations at the Philadelphia Hospital.

Gowers states that he has seen it once.

In injuries of the spinal cord optic atrophy is not observed. The
opinion that it sometimes occurs seems to be founded originally on

the assertion of Albutt, but this has not been generally confirmed.

According to Oliver the various infectious diseases sometimes

show changes in the optic disc.

Diseases of the Third Nerve.

The third or oculo motor nerve supplies most of the muscles of

the orbit as well as the iris and ciliary muscle. It arises from a

series of nuclei containing large ganglionic motor cells just beneath

the aqueduct of Sylvius. The most anterior of these ganglionic

cells lie in the walls of the third ventricle. From this point the nu-

clei extend backwards almost the whole length of the aqueduct. The
roots of the nerve emerging from the nuclei pass ventracl through

the tegmentum and the crusta to the inner side of the cerebral crura.

The nerve emerges on the inner surface of the crus cerebri. As it

emerges from the brain it receives a sheath of the pia mater and

of the arachnoid. After piercing the dura mater it passes along the

wall of the cavernous sinus, being situated above the other orbital

nerves. It receives in its course a few fibres from the sympathetic.

It enters the orbit by two branches through the sphenoidal fissure.

It is here placed below the fourth nerve close to the frontal and lac-

rymal branches of the ophthalmic. Of its two divisions the su-

perior, or smaller, supplies the superior rectus and the levator pal-

pebrsB muscles. The larger, or inferior branch, subdivides into three

branches. One passes beneath the optic nerve and supplies the in-

ternal rectus. The second passes to the inferior rectus. The third

passes to the inferior oblique. Fibres are also supplied by the

nerve to the iris and ciliary muscle.
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The arrangement of the nuclei of the third nerve in the midbrain

and the relations of these nuclei to the nuclei of the fourth and sixth

nerves are of great clinical interest. These nuclei, as pointed out

by Edinger, probably consist of a complex of smaller nuclei some-

what separated from each other. He thinks that in human beings a

distinct demarcation can be made out. The most anterior is a small

nucleus h'ing even partly in the wall of the third ventricle. Farther

back the series of nuclei of the third nerve evidently tends to become

separated into groups. One of these groups gives origin to fibres

which decussate within the structure of the midbrain with those of

the opposite side. The fibres from the other nuclei do not decussate

but pass out by the nerve trunk on the same side. Edinger thinks that

it has been satisfactorily determined that the nuclei of the third

nerve supi^ly the individual muscles of the orbit in the following

order from before backwards

:

Sphincter iridis, Musculus ciliaris,

Levator palpebrse. Rectus internus,

Rectus superior, Rectus inferior,

Obliquus inferior,

Middle line.

According to this arrangement the nerves to the internal muscles,

the iris, and ciliary muscles, arise from the foremost of these nuclei.

The decussating fibres probably pass to the internal rectus. The re-

lation of these nuclei with the optic nerves raises questions of much
clinical importance. That there are such connections is indubitable,

because the eye reflexes and the various associated movements of the

eye must depend upon such anatomical connections. Edinger says

that such an anatomical basis has not yet been demonstrated, al-

though numerous fibres exist which might form the communication.

That the various muscles of the orbit and of the interior of the eye

have their individual nuclei is made evident from the clinical fact

that degenerative diseases sometimes occur in which some, but not all,

of these muscles are affected or in which some are affected before

others. The paralysis caused by disease of the nuclei of the third

nerve and of the nuclei of the associated fourth and sixth nerves is

called ophthalmoplegia. It may be partial or complete and its vari-

ous forms will be described later, after the description of the indi-

vidual diseases of the third, fourth, and sixth nerves.

The third nerve may be affected by inflammation, by pressure,

or by trauma.

Inflammation of the third nerve is a very common symptom of

syphilitic meningitis at the base of the brain. Kicord has said that

"syphilis places its sign manual on the third nerve." In some cases

the nerve is paralyzed without evidence of involvement of other struc-
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tures, even the meniuges. In sucli a case it is possible that the

inflammation may be entirely limited to the sheath of the nerve or

its ti'unk. Dii^htheria also may cause inflammation of the third

nerve or some of its branches. In locomotor ataxia paralysis of in-

dividual muscles supplied by the third nerve is sometimes seen, thus

the levatores palpebrarum may be affected or paralyzed. The external

Fig. 16. —Complete Paralysis of the Right Third Nerve in a Case of Syphilis of the Brain.

(From a photograph of a patient in the Philadelphia Hospital.

)

rectus and superior rectus are also not uncommonly involved. In

some cases all the muscles supplied by the third nerve are involved

in tabes. Both eyes or only one may be affected, the same muscles

not being necessarily involved, or involved to the same extent in both

eyes. In tabes, however, it is still a question whether these ocular

palsies are due to involvement of the nerve trunk or to that of the

nuclei. The degeneration of tabes is so nearly confined in all parts

of the nervous system to the sensory fibres that it may be a question

whether in this instance the third nerve forms a true exception to the

rule.

Alcoholic neuritis does not involve the third nerve or its branches.

Cases of inflammation of this nerve occasionally occur after exposure
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to cold. In such cases Gowers is inclined to tliink that the cause of

the inflammation may be a rheumatic poison, but in all such cases

the action of a possible syi)hilitic infection must be rigidly excluded.

Charcot " has described a rare form of paralysis of the ocular muscles

associated with migraine. These cases, like the migraine itself, are

recurrent, and after enduring for a period of days or weeks recover.

The paralysis falls not only upon the branches which supply the

exterior muscles, but also upon those which supply the interior

muscles, i.e., ciliary muscles and iris. It is consequently a total

ophthalmoplegia. Such cases have been reported by Manz, Senator,

and others. Charcot calls this affection "migraine ophthalmople-

gique." The pathology of the disease is uncertain, but an obser-

vation of Gubler" upon a patient who had died seems to prove that

the oculomotor nerve may be enveloped in an inflammatory exuda-

tion. Charcot seems inclined to believe that the repeated accesses of

the paralysis due to the underlying cause which produces the mi-

graine predispose the nerve to an inflammatory or exudative process,

but this theory is as yet only tentative. Vasomotor disturbances

are supposed by some to be the primary underlying cause of

the affection, but this explanation fails to explain. The fact, how-

ever, that the occurrence is paroxysmal, and that the paralysis of the

nerve gradually' passes away seems to prove conclusivelj' that the

cause itself is not permanent. That the affection may be nuclear in

origin is not improbable. Against this view, however, is the fact

that usually the third nerve alone is involved and very frequently on

one side only. For the i)resent the pathology of this rare affection

must be considered obscure. The paralysis may last for only a few

days, or in severe cases for as long as from three to eight weeks.

When the paroxysms occur at long intervals the paralysis as a rule

lasts for a longer time than when they occur frecpiently.

In tuberculous meningitis the third nerves may be involved in the

exudative jjrocess at the base of the brain.

Pressure upon or involvement of the third nerve may be caused

by a tumor, or an aneurysm at the base of the brain. Tumors or

hemorrhage in the crura cerebri very frequently involve the third

nerve. Thus in a case reported by the author" a tumor of the mid-

brain involved the motor fibres passing downwards from the brain,

and the fibres of the oculomotor nerve on the same side. Such a

lesion causes the well-marked cross ]:)aralysis (or syndrome of Weber)
iu which a hemi[)legia of the oj)posite side coexists with paralysis of

the oculomotor nerve on the same side as the lesion. Tumors at the

base of the brain may involve one nerve, or both, according to their

location.
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Various forms of trauma may cause ijaraljsis of the third nerve

or some of its branches. The most common of these are injuries

within the orbit, especially gunshot and pistol-shot wounds.

The symptoms of affections of the third nerve are highly charac-

teristic. When the trunk of the nerve is involved they are as follows

:

The internal rectus muscle is paralyzed, consequently the ej'eball is

turned far outwards under the influence of the external rectus, which

is supplied by the sixth nerve. The upper eyelid drooj^s so as to

completely obscure the eyeball. The pupil is widely dilated, be-

cause its constrictor fibres alone are paralyzed. The eyeball is

almost immobile because it cannot be rolled upwards or downwards
by the action of either the superior or inferior rectus muscles. If

the x)atient attempts to raise the upper eyelid the occipito-frontalis

muscle is strongly contracted. Because of the paralysis of the con-

strictor fibres of the iris the pupil does not react to light nor upon
accommodation.

If the branch of the third nerve that supplies the internal rectus

alone is i^aralyzed the symptoms are as follows : The eye cannot be

sturned inward; in other words, the patient has divergent strabismus.

He also has diplopia or double vision. If the muscle affected is on

the right side the image exists in the left half of the motor field, and
vice versa.

If the branch to the superior rectus is paralyzed the upward
movement of the eye is almost but not quite abolished. The char-

acteristic feature of this movement is that the eyeball is rotated by

the inferior oblique muscle, which tends also to rotate it upwards.

Diplo]pia is also seen. The images are placed one above the other,

and the false one is the higher and is slightly inclined. If the

branch to the inferior rectus is involved the downward movement of

the eyeball is affected, but not absolutely so, as the superior oblique

muscle tends to draw the eyeball downwards as well as inwards, and
thus supplements to some extent the action of the affected rectus

muscle. Diplopia is present in the lower part of the field of vision.

The false image is below the true image. On attempting to look

downwards the upper lid does not descend as it does when the in-

ferior rectus is normal.

When the branch that supplies the inferior oblique muscle is

affected the movement inwards and upwards of the eyeball is im-

paired. Diplopia exists especially in the upper part of the field.

If the branch to the levator palpebrse muscle is involved the eyelid

droops so that it almost or quite covers the eyeball. The eyebrow is

usually somewhat elevated from overaction of the frontalis muscle, a

highly characteristic sign. This is probably due to the fact that

Vol. XL—10
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normally the froutalis muscle acts witli the elevator of the upper lid,

aud that consequently when the upper lid is paralyzed the attempts

of the patient to innervate it cause an increased action of the unpar-

alyzed frontalis muscle.

• A case of third-nerve paralysis occurring in the author's clinic in

the Philadelphia Hospital illustrated some characteristic symptoms.
The patient was a

young man with a his-

tory of syphilis in

whom third-nerve pa-

ralysis had come on

with some headache,

but no other well-

marked S3' mptoms. In

his case the internal

rectus muscle was eu-

tirely paralyzed so

that the eye was turned

widely outwards. Up-
ward and downward
movements were also

abolished except a

slight downward and

inward movement
caused by the action

of the superior oblique.

The pui^il was widely

dilated and immobile

to light and on accom-

modation. The ptosis

or drooping of the up-

per lid, however, was

not complete, although

the i:)atient had very

little apparent power

remaining in the muscle of that lid. This patient made a satis-

factory recover^' under antisyphilitic treatment. During his stay in

the hospital he did not develop any other complications on the

part of the nervous system. His case was quite a characteristic ex-

ample of syphilitic infection of the third nerve. (Fig. 17.)

The internal muscles of the eye

—

i.e., the iris and the ciliary

muscle—being also supi:)lied by the third nerve, are x>aralyzed when
the trunk of that nerve or the branch through which their fibres

Fio. ir.—Paralysis of the Left Third Nerve, with Partial Droop
ing of the Upper Lid. (Philadelphia Hospital.)
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run is affected. As tlie fibres of the third nerve supply only the

constrictor muscles of the iris this action alone is impaired. This

paralysis is called iridoplegia. As the dilator fibres, however, which

are under the control of the symi)athetic nerves are not paralyzed the

I)upil is widely dilated, so that it cannot be said in the third-nerve

palsy that the iridoplegia is complete, as only one set of fibres

—

i.e.,

the constrictor fibres—is impaired. This permits such complete

overaction of the dilator fibres that the puijil is stretched widely

open, these dilator fibres acting to their utmost capacity. Hence
the j)upil is practically immobile, being unable to contract because

the constrictor fibres are paralyzed, and being unable to dilate further

because it is already fully dilated. The reflexes of the iris are conse-

quently entirely abolished; thus the iris will not react to light by
contracting the pupil, and, being already fully dilated, cannot react

farther to irritation of the sympathetic fibres on the side of the neck

and face to dilate the pupil. Its power to contract, and consequently

to vary the size of the pupillarj'^ orifice on accommodation, is also en-

tirely lost. As a consequence of this latter loss the patient's vision

for near objects in the affected eye is blurred. When the patient at-

tempts to look at a near object the pupil does not contract.

As the ciliary body is usually paralyzed at the same time as the

iris in third-nerve paralysis, the power of accommodation itself is

lost, hence vision for near objects, as already said, is blurred. This

paralysis is called cycloplegia. The patient cannot read with the

affected eye nor distinguish small objects close at hand. Distant

vision, however, may remain good. In myopia, however, and pres-

byopia, the absence of power of accommodation is not so notable.

Cycloplegia or paralysis of the ciliary body is a common symptom
in diphtheritic paralysis, in which case it is sometimes associated

with paralysis of some other branches of the third nerve. The seat

of the paralysis, however, in diphtheria may possibly be in the

nuclei of this nerve in the midbrain, rather than in the trunk of the

nerve itself.

In some cases of iridoplegia due to third-nerve paralysis the pupil

is not so widely dilated but that a still further dilatation may be ob-

tained by the so-called skin reflex, i.e., by irritating the symjjathetic

fibres on the side of the neck and face. As this reflex does not travel

through the third-nerve fibres, it is of course not really abolished in

any instance of paralysis of this nerve, but only rather disguised by

the excessive dilatation of the pupil.

The subjective symptom of paralysis of the third nerve is espe-

cially diplopia or double vision. The exact physiology or psy-

chology of this symptom is not easily explained. It depends of
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course upon the fact tliat the eyes no longer act harmoniouslj-, the

axes of the eyes either diverging or crossing each other in abnormal

ways. Gowers" attemjits to explain this symptom from the psy-

chological standpoint. He seems to think that it depends upon an

error of judgment depending upon the fact that we judge of the rela-

tion of external objects to our own body by the position of the eye-

ball as indicated to us by the amount of innervation we give to the

ocular muscles. In other words, we depend for this knowledge upon

a muscular sense. Hence when one of the ocular muscles is weak-

ened the sense of increased innervation needed to move this muscle

is falsely interpreted, and the mind makes an erroneous interpretation

of the relative position of the two images. This explanation seems

somewhat obscure and unsatisfactory, although it is probably im-

possible to give one that will adequately explain the facts. From a

clinical standpoint it is probably sufficient for us to know the fact

without attempting to theorize about it. The " true image" is the

one formed by the unaffected eye; the "false image" being the one

formed by the affected eye.

The third nerve being entirely motor there is no sensation of pain

due to a pure oculomotor palsy. If pain occurs in any of these

cases it is due to the underlying cause, such as the meningitis or

pressure by a tumor that involves the nerve. In some cases, how-

ever, a distinct sensation of giddiness or vertigo results.

The course and prognosis of oculomotor x:)alsy depend of course

upon the lesion that produces it. If it is caused by a destructive

lesion, such as degeneration of the nuclei, or a brain tumor, or an ex-

tensive incurable meningitis, or an incurable trauma, it will most

probably be either steadily progressive or permanent. In cases

in which it is caused by the poison of syphilis, provided con-

current symptoms of a more extensive lesion are absent, the prog-

nosis is often favorable. Active antisyphilitic treatment may relieve

and even permanently cure such cases. In the rare instances to

which Gowers refers, in which the affection seems to be due to ex-

posure to cold, the prognosis is also favorable.

The treatment of oculomotor palsy depends of course upon the

underlying cause. In the syijhilitic cases, as already said, an active

specific treatment is indicated. This is best met with inunctions of

mercur}^ or the hyperdermic use of some mercurial preparation, asso-

ciated with large doses of the iodides. In the simple rheumatic

cases the salicylates may be used, and the use of a mild galvanic

current is probably warranted. Extreme caution, however, is neces-

sary in the use of electricity about the eye ; only very mild ciTrrents

should be employed. In the grave cases caused by destructive
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lesions, such as tumors, meningitis, and degenerative processes in

the nuclei, little can be done for the relief of this paralysis.

Diseases of the Fourth. Nerve.

The fourth or pathetic or trochlear nerve is the smallest of the

twelve cranial nerves. It supi^lies but one muscle, the superior

oblique. It arises from a nucleus somewhat posterior to the nuclei

of the oculomotor nerve. This nucleus is situated at the level of the

depression midway between the anterior and posterior corpora quad-

rigemina (Bruce""). It is separated by a very slight interval from the

posterior end of the third nucleus. The root of the nerve passes back-

wards and then inwards and decussates in the substance of the valve of

Yieussens or anterior medullary velum with its fellow of the opposite

side. This nucleus is connected with the posterior longitudinal fas-

ciculus, a band of fibres that evidently connects the various nuclei of

the orbital nerves. According to Bruce this decussation of the root of

the fourth nerve, which is the only instance of such a decussation of

a cranial nerve, has been denied by a number of observers. Yon
Gudden, however, showed that extirpation of one trochlear nerve in

new-born kittens was followed by complete atrophy of the opposite

fourth nerve (Bruce). The nerve emerges from the posterior medul-

lary velum behind the corpora quadrigemina and passes around the

outer side of the cerebral peduncle. It passes forward to the outer

wall of the cavernous sinus near and below the third nerve, and en-

ters the orbit through the sphenoidal fissure. It enters the su-

perior oblique muscle on its orbital surface. In its course the fourth

nerve receives filaments from the sympathetic. The fourth nerve

is the ujjpermost nerve in the orbit.

As the fourth nerve is the smallest and simplest in its origin and

distribution of all the nerves of the cranium the symptoms of its dis-

eases are few and easily understood. The nerve supplies only the

superior oblique muscle. The action of this muscle is to rotate the

eyeball downwards and inwards. It also rotates the eyeball on its

antero-posterior axis, consequently a paralysis of this muscle inter-

feres with the movement and permits the ball to be rolled too far up-

wards and inwards by the action of the unantagonized inferior oblique

muscle. The result of this is to cause a convergent strabismus

when the patient attempts to look down. This causes diplopia only

during the same movement of the eye, a condition which may be

especially troublesome and dangerous when the patient goes down-

stairs (Herter).

Isolated disease of the fourth nerve is extremelv rare. I know of
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no instance of it. It is conceivable that the fourth nerve might be

injured within the orbit without injury to other nerves, but cases of

this kind must be exceedingly rare. Brissaud presents a diagram of

a conjoint lesion of the sixth and fourth nerves due to a pistol-shot

wound . This nerve is never affected alone by syphilis nor by men-

ingitis at the base of the brain. Tumors of the orbit or of the base

of the brain could hardly be so small and so located as to affect this

nerve only. The only probable lesion that could affect the fourth

nerve alone would be degeneration of its nucleus in the midbrain.

The pathology of all such probable lesions has already been in-

dicated in the description of the third nerve.

No special treatment need be described for an affection so rare

and so inaccessible as paralysis of the fourth nerve. In cases in

which this nerve is paralyzed along with the third and sixth nerves,

due to degeneration of the nuclei, little can be accomplished. In

cases in which it is involved along with other nerves in syphilitic

meningitis at the base of the brain the treatment of course would be

by mercury and the iodides.

Diseases of the Sixth Nerve.

This nerve, also called the abducens, arises from a nucleus some-

what remote from the nuclei of the other ocular nerves. This nu-

cleus is situated in the tegmentum of the pons just beneath the under

surface of the fourth ventricle. It is surrounded or embraced by the

knee of the seventh nerve. The root of the sixth nerve arising from

this nucleus passes forwards through the tegmentum of the pons and

emerges on its under surface, just at the junction of the pons with the

medulla oblongata. It passes forwards near the other orbital nerves

in the wall of the cavernous sinus and enters the orbit through the

sphenoidal fissure. Passing between the two heads of the external

rectus muscle it is distributed entirely to this muscle.

The action of this nerve, because of its limited distribution, is very

simple. As it supplies the external rectus muscle alone it presides

only over the outward movement of the eyeball, and therefore its

paralysis allows the eyeball, under the influence of the unopposed

internal rectus, to be turned far inwards. The patient consequently

has a highly characteristic internal strabismus. This nerve is not

infrequently affected alone. Its lial)ility to damage is increased by

its long and exposed course. It may be affected in cases of syphilitic

meningitis without involvement of any other cranial nerve. It may
also be involved in a circumscribed lesion of the pons. In this way it

is sometimes jiaralyzed in association with the seventh nerve. It
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might possibly also be involved in traumata of the orbit, although

sucli cases are rare. In some comx)aratively rare instances paralysis

of the sixth nerve is associated with jjolyuria or diabetes insipidus.

This is possibly due to its nucleus in the pons being contiguous to

the diabetic centre iu the floor of the fourth ventricle. This curious

association is seen in a case at j^resent under my care in the Phila-

Fig. 18.—Paralysis of the Right Sixth Nerve. (Upson.

)

delphia Hospital. The patient, a young man about twenty-four years

of age, has had total x>aralysis of the sixth nerve accompanied with

great polyuria. The hitsory of his case is as follows

:

W. C 21 years, white, male, had a history of syphilis. Before
admission to the hospital he had shown mental changes of slight de-

gree, such as inattention to work, etc. He was brought to the hospital

in a semi-conscious state. There was no paralysis of motion or sen-

sation. His symptoms since his admission have been as follows:

Complete paralysis of the right sixth nerve ; slight droojjing of the

right side of the face; no involvement of the fifth or of other

cranial nerves, except the sixth, and possibly the eighth as there

is some dulness of hearing; slight staggering gait, with a ten-

dency to go to the left; marked polyuria. The examination of

the eyes revealed no changes of importance in the eye-grounds.

Later the patient had several apoplectiform crises, with slight clonic

spasms in the right upper and lower extremities. About three

months after admission the paralysis of the sixth nerve entirely dis-
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appeared, and was replaced still later by a paralysis of the third

uerve. The upper eyelid drooped, the eyeball was turned outwards,

and the pupil was dilated. There was diplopia. The i^atient now
presented anosmia. The polyuria, a daily record of which was kept
for many weeks, was marked by a daily flow of from fifty to as high
as one hundred and thirty ounces. There was no sugar nor albumin

Fig. 19.—Paralysis of the Right Sixth Nerve in a Case of Syphilis of the Brain. Development
of the right mammary gland. (Philadelphia Hospital.)

in the urine. Progressive emaciation set in until the patient had the
appearance of advanced muscular atroi)hy. As anomalies in this

I)atient may be noted a very high palatal arch, deficient hair on the
l)ul)es, and a remarkable development of the right mammary gland.
(See Fig. 19.)

Disorders of the orbital muscles and of sight have often been ob-

served in diabetes insipidus. Spanboch and Steinhaus record a case

in a woman of bitemporal hemianopsia and polyuria. The authors
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suppose that there were two foci of disease—one in the chiasm and

one near the nucleus of the vagus. It is more probable that there

was a diffused basilar syphilitic meningitis, involving the chiasm and

the vessels running up into the pons.

The pathology of affections of the sixth nerve has already been

indicated in what has preceded.

Fig. 20.—Paralysis of the Right Sixth Nerve in an Idiotic Child. (Elwyn Institute.)

In syphilitic cases the treatment of course is by specific medica-

tion. In other instances treatment should be directed to the under-

lying cause. In destructive lesions of the pons, such as hemor-

rhage, tumor, or degeneration of the nuclei, practically nothing

can be done. In cases of traumata about the orbit any possible treat-

ment would be surgical.
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Combined Palsies of the Ocular Muscles.

The ocular muscles may be paralyzed in various combinations.

Thus, as already said, the external rectus muscle may be paralyzed

in association with the muscles supplied by the seventh nerve. Such

a paralysis is probably due to a focal lesion in the pons in, or in the

neighborhood of the nucleus of the sixth nerve and involving the

fibres of the seventh nerve which course around it. The true com-

bined palsies of the ocular muscles are very various. Hutchinson"

in 1879 called attention to a form of combined paralysis which he

called ophthalmoplegia or symmetrical paralysis of the ocular

muscles. He borrowed this term, however, from von Graefe and

Eulenburg, who had described the condition before him. By this

term Hutchinson meant to describe especially a condition in which

all the extrinsic muscles of the eye are paralyzed, but in which as a

rule the internal muscles, i.e., the iris and ciliary muscle, escape.

According to Hutchinson its best marked examples occur in adults

who have had syphilis many years before, but it has also been ob-

served in patients with inherited syphilis and in some few instances it

has occurred without a known cause. In this form of j^aralysis, as a

rule, all the external muscles of both eyeballs are more or less in-

volved, and in some cases the paralysis is progressive and becomes

complete, so that the eyes are motionless in their sockets. Under

these circumstances the patient can change the direction of his

gaze onlj by moving this head. In most instances, however, accord-

ing to Hutchinson, the paralj^sis does not become absolute and it

rarely affects all the muscles in the same degree. One or two may
even escape entirely. There is always some ptosis, but this varies

in different cases and is rarely complete. This ophthalmoplegia ex-

terna may, however, in some cases be associated with ophthabnoplegia

interna, i.e., with paralysis of the iris and ciliary muscle. In some

cases, according to Hutchinson, atrophy of the oi:)tic nerve with

blindness results.

In recent years authors have attempted to classify the various

forms of ophthalmoplegia according to the number of muscles in-

volved and the completeness of the paralysis. Brissaud proposes the

following classification : Ophthalmoplegia may be first total and com-

plete; second, total and incomplete; third, partial and complete;

fourth, partial and incom])lete.

Ophthalmo])legia is total and complete when all the ocular mus-

cles are paralyzed and when this paralysis is complete or absolute

in degree. It is total and incomjilete when all the muscles are
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paralyzed, but wlien the i^aralysis is incomplete, i.e., when the func-

tions of the i)aralyzed muscles are not absolutely abolished. Again,

ophthalmoplegia may be partial and comx)lete. That is to say, only

a portion of the musculature of the eye is involved, but this portion

is completely paralyzed. Finally, ophthalmoplegia may be partial

and incomplete. In this case one or several muscles (but not all)

are paralyzed, but incompletely so

—

i.e., their function is not com-

pletely abolished.

This classification covers all possible forms of ophthalmoplegia,

especially if it is designated in addition whether the i)aralysis is bilat-

eral or unilateral. Thus, for example, a complete paralysis of all tlie

muscles (both internal and external) of both eyes would be designated

a bilateral total and complete ophthalmoplegia. The distinction, ob-

served by Hutchinson, between ophthalmoplegia externa and interna,

is not so important, because instances are extremely rare, in which

this distinction is observed by the process of disease. Hutchinson,

however, insists in his paper that such distinctions do occur some-

times.

Bilateral total and complete ophthalmoplegia is undoubtedly

always due to a destructive process in the nuclei of the third, fourth,

and sixth nerves. It may also be caused by the compression of a

brain tumor upon the roof of the midbrain.

As an example of ophthalmoplegia, partial and complete, we might

suppose a jjaralysis of the third and fourth nerves on both sides

caused by the pressure of a tumor in the interpeduncular space ; in

such an instance the sixth nerve might escape, as its point of exit

from the pons is some distance away. The paralysis in such a case

would fall upon all the muscles supplied by the third and fourth

nerves ; consequently, both eyes being left to the influence of the sixth

nerve, would be turned far outwards.

A unilateral total and complete ophthalmoplegia would probably

indicate a lesion in the orbit involving the third, fourth, and sixth

nerves. Such a paralysis, to be sure, might be conceived as caused

by a destructive process in the nuclei of these nerves in the midbrain

and pons on one side, but such extensive unilateral nuclear disease

would not probably occur.

An ophthalmoplegia, total but incomplete and bilateral, would

indicate a lesion of the nuclei of the third, fourth, and sixth nerves in

the midbrain and pons that had not yet at the moment of observa-

tion become completeh^ destructive.

A bilateral ophthalmoplegia, partial and complete, would also

indicate a nuclear degenerative or destructive process which at the

moment of observation had invaded and completely destroyed only
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some of tlie nuclei and had as jet spared the others. It would be the

same if such an ophthalmoplegia were incomplete.

Finally, a partial unilateral ophthalmoplegia, either complete or

incomplete, would indicate a lesion not in the nuclei but somewhere

in the course of the nerves involved, i.e., upon one or more branches

of the ocular nerves.

The complete bilateral ophthalmoplegia interna

—

i.e., paralysis of

the iris and ciliary muscle without involvement of Sinj of the extrinsic

muscles of the eye—would indicate undoubtedly a lesion of the first

and second pair of nuclei of the third nerve grouj), i.e., those lying

near the wall of the third ventricle.

The comi)lete bilateral ophthalmoplegia externa of Hutchinson

undoubtedly constitutes a type and is always due to a lesion of the

nuclei of the third, fourth, and sixth nerves in the midbrain and

pons. It is a matter of comparatively minor importance, from a diag-

nostic standpoint, whether or no this type ultimately is associated

with paralysis of the interior muscles of the eyes. In such a case the

indication simply is that the nuclei of these interior muscles, lying

most anterior near the wall of the third ventricle, have become in-

volved in the destructive process. The i^oint of greatest interest in

such an ophthalmoplegia consists in the fact that the destructive

process has fallen upon nuclei of nerves which are functionally asso-

ciated, but which are anatomically widely separated, as in the case

of the sixth nerve, whose nucleus is located in the pons at some

distance below the nuclei of the third and fourth nerves. This de-

struction of the nuclei of nerves which are physiologically associated

is an interesting pathological fact. It shows that because of their

functional identity they are equally exposed to some destructive proc-

ess or to the action of some poison circulating in the blood. In his

original paper Hutchinson called attention to the facility with which

the progress of the disease is influenced by iodide of potassium, and

to the fact that many of these patients had had syphilis, and he was

evidently strongly disposed to believe that these cases were of syph-

ilitic origin. In some of his cases the symptoms of locomotor ataxia

or some other form of syphilitic paralysis eventually developed.

The prognosis of these various forms of ophthalmoplegia dei)ends

of course upon their cause. In cases in which they are due to syph-

ilitic infection it is possible, as Hutchinson claims, that an arrest

of the process, if not a complete cure, can be obtained. As, however,

they sometimes become associated with more widely destructive and

degenerative processes the prognosis should always be guarded. They

indicate that the nervous system is gravely affected, and the possibil-

ity always is that the patient will grow worse instead of better.
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The treatment of tlie form of ophthalmoplegia described by Hutch-

inson is by the iodides and mercury. The effects of remedies in

several of his cases, he says, were very remarkable, the patient being

rescued from a very dangerous j^ositiou. He thinks the iodide of

potassium is the more valuable remedy, and that it should be jjushed

for a long j^eriod. Relapses may occur, especially if the treatment is

not vigorous and long sustained. The progress of the disease, he

says, is sometimes arrested, but recovery is never complete. As

an example of bilateral partial ophthalmoplegia Hutchinson reported

a case of i)aralysis of both external rectus muscles in a young man
following injury to the head. This paralysis did not come on until

a month after the injury and was preceded by a severe headache.

The left abducens nerve was affected first. The ])atient held his

head constantly turned towards his right shoulder, because he saw

best with his right eye. There was no paralysis of any other extrin-

sic muscle nor of either of the intrinsic muscles of the eye. This

patient had had syphilis, and Hutchinson, considering the slow

onset of the symptoms, was inclined to believe that the paralysis of

the two sixth nerves was due rather to that disease than to trauma.

The query arises with reference to such a case whether it might not

have been an instance of syphilitic infection arising at the seat of

an injury. We know that this may occur, i.e., that the traumatic

lesion may become the seat of syphilitic infection in a person who
has already acquired that disease. The modern tendency, however,

to regard ophthalmoplegia as due to a syphilitic infection of the

nuclei would suggest a different explanation, i.e., that the cause

of the paralysis was a destructive lesion involving both nuclei of

the sixth nerves in the pons rather than the trunks of the nerves.

It seems probable, for instance, that the lesion began on the side first

affected (the left), and then passed to the nucleus of the other side.

Diseases of the Fifth Nerve,

The fifth nerve, the great sensory organ of tiie head and face,

arises from the largest nucleus or chain of nuclei of any of the cranial

nerves and is itself the largest of these nerves. It is the first of these

nerves that resembles the spinal nerves, as it has its origin in two

roots, namely, a motor and a sensory root; and upon the later or pos-

terior root it has a ganglion.

The nuclei of the sensory branch of the fifth nerve are located

for a long distance up and down the pons and the medulla. The

motor branch, however, arises from a comparatively small nucleus

in the pons. The functions of the fifth nerve are mixed. It is the
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great sensory nerve of tlie head, face, eye, nose, moutli, tongue, and

part of tlie neck. Secondly, by its lingual branch it is possibly one

of the nerves of the special sense of taste. Thirdly, by its motor

branch it supplies the muscles of mastication, viz., the temporal,

masseter, and pterygoid muscles. The superficial origin is from the

surface of the pons Varolii about midway between the upper and

lower borders. The smaller or motor root is separated slightly from

the larger or sensory. The two branches of the nerve pass forward;

the larger or sensory root entering a large semilunar ganglion (the

Gasserian ganglion), with which the motor root has no connection.

As the fibres of the sensory root emerge from the Gasserian ganglion

they are divided into three branches : first, the ophthalmic ; second,

the superior maxillary; third, the inferior maxillary.

The ophthalmic or first main division of the fifth nerve supplies

the eyeball, the mucous membrane of the eye and nose, and the skin

and muscles of the eyebrow and forehead. The superior maxillary

or fifth division of the nerve supplies largely the skin of the upper

part of the cheek and the uj)per teeth. The inferior maxillary or

third division of the fifth nerve is distributed especially to the teeth

and mucous membrane of the lower jaw, the skin about the ear and

temple, the lower lip, the lower part of the face, and through the

lingual nerve to the tongue. The motor branch of the fifth nerve is

distributed to the temporal, masseter, and pterygoid muscles.

The diseases of the fifth nerve may be divided according as they

affect the sensory or the motor root. The former may be subdivided

according as they are characterized by abolition of function or by

irritation.

Abolition of function or anaesthesia may be caused by any lesion

in the course of the fifth nerve or of any of its branches that totally

interrupts the conducting function of the nerve fibres. It is not, how-

ever, a very common symptom from such causes. Among these

causes may be mentioned tumors about the base of the brain or in

the orbit; meningitis, especially that which is caused by syphilis ; and

disease of the bones of the skull. The nerve may also be injured or

comi)ressed by disease in the cavernous sinus, bj aneurysm, or by

tumors or cellulitis in the orbit. Traumata, especially those caused

by gunshot wounds, may injure one or other branches of the fifth

nerve. Finally, among the most common causes of anaesthesia of

the fifth nerve are focal lesions in the pons, such as hemorrhage,

tumors, embolic softening, or areas of sclerosis. As, however, the

nuclei of the sensory portion of the fifth nerve are spread over such

an extensive surface it is not common for all of them to be involved

in any one lesion.
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Primary neuritis of the fifth nerve is certainly a very rare affec-

tion. Gowers believes that it may be caused by exposure to cold. A
strictly localized neuritis, such as was recorded by Ziehl, quoted by
Gowers, should cause a suspicion of syphilis. Herpes zoster is

sometimes observed in the distribution of the fifth nerve and is evi-

dently caused by the same form of inflammation (probably in the

Gasserian ganglion) that causes it in other portions of the body.

The anaesthesia due to lesions of the fifth nerve is distributed

of course according to the branch involved. Should the whole nerve

trunk be involved there will be total anaesthesia in the entire distri-

bution of the nerve. It is more common, however, to have anaes-

thesia limited to the distribution of one or more branches.

In focal or nuclear lesions of the pons the anaesthesia may be

limited to comparatively small and irregular areas. In case one

branch is involved, however, the area of distribution of the anaes-

thesia is strictly demarcated. Thus in orbital lesions the anaesthesia

is mapped out strictly in the area of distribution of the ophthalmic

nerve on the skin of the forehead, side of the nose, and in the eyeball.

The degree of anaesthesia may vary according to the completeness of

the lesion ; thus in some cases tactile sensibility is only blunted, but

in severe cases the sense of touch is entirely abolished. Symptoms
of irritation may precede or accompany the earh^ sj'mptoms. Thus

there may be neuralgic pains, or burning, tingling, or formication.

There may be also other symptoms of hyperaesthesia, as pain on

pressure at the points of exit of the nerves. In some cases of exten-

sive anaesthesia of the fifth nerve there is a sort of pseudo-paralysis

of the muscles of the face. This is apparently caused by the loss of

sensation. It is not a true paralysis of the muscle supplied by the

seventh nerve. It is possibly a form of ataxia similar to that seen

in other motor regions of the body which are deprived of sensa-

tion.

Vasomotor changes may be observed. In the early stages of

irritation there may be increased lacrymation and salivation, but in

the later stages these two functions are suspended. There may also

be flushing of the face or increased pallor. Anaesthesia about the

lips and mucous membrane of the mouth causes some characteristic

symptoms. When a cup or dish is applied to the lips the patient

feels but a portion of it, so that it seems to him as though the utensil

was broken. He also chews almost exclusively on the sound side

of his mouth, where alone he has tactile sensibility to guide him

in the manipulation of the bolus of food. Consequently the anaes-

thetic side of the tongue may be coated with a thick fur, and this is

not a trophic effect, but merely the result of disuse. Taste is affected
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on the paralyzed side of tlie tongue. But much doubt exists as to

the course of the taste fibres.

The sense for odors proper is not involved in paralysis of the fifth

nerve, as this depends entirely upon the olfactory nerve. Later,

however, because of excessive dryness of the mucous membrane the

sense of smell may be blunted. Care should be taken to distinguish

between odors proper and the more irritating effects of such sub-

stances as ammonia and other pungent substances. The sensation

for these latter may be entirely abolished in paralysis of the fifth

nerve. Mageudie, followed by Claude Bernard, believed that smell

was a function of the fifth nerve. Romberg iDroperly criticised this

view on the ground that Magendie in his experiments had used

ammonia and strong cheese and had failed to distinguish between

smell and common sensation; the latter was affected by the acrid

substances, but this was not a true sense of taste or smell.

Among the most important results of involvement of the fifth

nerve are trophic lesions. First of these is herpes. As in other

portions of the bodj^ herpes zoster follows the distribution of some

nerve trunk. In the case of the fifth nerve it may follow any one of

the main divisions or main branches. By far the most formidable

instance, however, is that which occurs in connection with the oph-

thalmic nerve. This form is the very grave disease called herpes

zoster O'phthalmicHS. It does not differ essentially from herx)es else-

where, but its gravity consists in the fact that it invades and may
destroy the delicate structures of the eye. In this disease vesicles

form uj^on the conjunctiva and over the cornea of the eye. These

are accompanied with severe neuralgic pains, shooting through the

orbit and about the skin of the forehead and temple. In a few days

the vesicles turn to pustules. These in turn break down into ulcers

or even sloughs. Pus may appear in the anterior chamber of the

eye. The iris may become inflamed and adherent and in extreme

cases perforation of the cornea may occur. Cases have even been re-

ported, as by Noyes, quoted by Norris, "'^ in which cyclitis, followed

by shrinking of the eyeball, occurred, and this gave rise by sympathy
to inflammation of the other eye. In cases not so grave permanent

opacity may result in the cornea, causing more or less impairment of

vision. As a rule, tactile anassthesia of the cornea is present, show-

ing that the sensory neurons of the fifth nerves are seriously involved.

According to Norris, the temperature of the skin on the affected side

is from one and a half to two degrees above the normal. AuiBsthesia

also of the skin in the distribution of the ophthalmic branch is

usually well marked, though not necessarily absolute. Cases have

been reported in which some branches of the ophthalmic nerve have
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been involved by lieri^es zoster without involvement of the eyeball,

as for instance the nasal branch. It seems, however, that as a rule

this is not the case, as zoster of the nasal branch, i.e., with vesicles

along the side of the nose, is usually attended with inflammation of

the eyeball (Hutchinson, Bowman). The cause of herpes zoster is

probably always some infectious or inflammatory process in the gan-

glion on the posterior or sensory root of the nerve. (See the discus-

sion of trophic lesions due to nerve injury on pp. 80 et seq.) As
this ganglion in the case of the fifth nerve is the large Gasserian

ganglion we should expect, if opportunity offered, to find evidence

of disease in this structure. According to Norris, Wyss and
Weidener have found extensive changes. In Weidener's case the

Gasserian ganglion, five years after the attack, was found to be

shrunken and cicatrized, while in Wyss's case the nerve trunk only

two weeks after the onset of the herpes was found thickened, red-

dened, and surrounded by extravasation of blood from the entrance

of the orbit up to the ganglion. These cases prove conclusively that

herpes zoster is a disease of the sensory neurons whose cell bodies are

located in the large ganglion on the posterior root. They are in

accord with cases of zoster in other parts of the body, already referred

to, especially that of Charcot and of William G. Spiller. The latter

observer has reported to me verbally a case which he saw in Vienna.

The patient was suffering with Pott's disease in the cervicodorsal re-

gion and herpes zoster was observed along the course of one of the

intercostal nerves. At the autopsy the ganglion of the nerve along

whose course the herpes had been observed was found macroscopi-

cally to be covered with miliary tubercles. This case is a beautiful

illustration of the effect of irritating lesions in the ganglia of the pos-

terior roots in the causation of herpes.

Another trophic lesion dependent on diseases of the fifth nerve,

but not herpetic in character, is the well-known neuroiDaralytic oph-

thalmia. This disease consists of more or less acute inflammation of

the structures of the eye and eyeball occurring in cases of paralysis

of the fifth nerve. It is usually associated with ansesthesia of the

affected structures as well as of other tissues supplied by the fifth

nerve or its ophthalmic branch. If this branch alone is involved, for

instance, the skin of the left side of the nose as well as the mucous

membrane of the left nostril will be insensible. As the inflammation

progresses ulcers and sloughs of the cornea may form, perforation

results, the iris becomes involved, synechiEe or adhesions bind it

to neighboring parts, and ultimately sight may be entirelj^ lost.

Norris reports a case of paralysis of the trigeminus, followed by

sloughing of the cornea, which resulted in perforation in the course

Vol. XI.—11
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of a few days. This patient liad an epithelioma of the lip and pos-

sibly a secondarj^ or metastatic growth within the brain, irritating the

fifth nerve somewhere in its course.

While neuroparalytic ophthalmia is always to be feared in pa-

ralysis of the fifth nerve, it is not an invariable symptom. Cases

are recorded in which after injury or disease the function of the

nerve had been abolished for years and yet the eye remained unim-

paired.

The course of the affection varies. In one case seen by me at the

Philadelphia Hospital an indolent conjunctivitis with excessive lacry-

mation persisted unchanged for weeks. In some cases, however, as

already said, the course is rapid and the destruction great.

The cause of this form of ophthalmia has given rise to much

speculation and experiment. Magendie, Longet, and others (see

J*^orris'') found that section of the nerve (in rabbits, for instance)

•causes anaesthesia of the eye and sloughing of the cornea. Section of

the nerve anterior to the Gasserian ganglion produces this effect more

j-eadily than section posterior to the ganglion. Sir Charles Bell
*'

thought that the inflammation was due to the fact that, sensibility being

destroyed, the eyelids were not made to close the eye and to wash and

clear it, so that inflammation resulted from the irritation of foreign

bodies. Graefe, according to Norris, experimented on rabbits and

found that section of the fifth nerve caused complete opacity of the

cornea, which, however, did not go on to perforation. He conse-

quently held that the change is a genuine trophic change and not due

to traumata. On the other hand, Snellen found that when he cut

ihe fifth nerve in rabbits and protected the eye the cornea remained

intact for at least ten days. The proper explanation of this change

in the eyeball is probably that it is a true trophic lesion depend-

ent on disease or injury to the peripheral sensory neurons. It is

thus strictly analogous to the trophic lesions, such as pemphigus,

whitlow, and herpes, which are seen in other portions of the body, as

in the hand, arms, legs, and feet, following upon nerve injury.

Magendie' s observations that section of the nerve in front of the Gas-

serian ganglion is more likely to producii this effect than section pos-

terior to the ganglion are clearly confirmatory of the theory that the

lesion is trophic. Section in front of the ganglion cuts off the sen-

sory arborizations in the mucous membrane and the eyeball from

their trophic centres, which are the cell bodies of the neurons in the

Gasserian ganglion. The fact that all cases of fifth-nerve paralysis

are not followed by a neuroparalytic affection is probably confirma-

tory of this view. Lesions which irritate the Gasserian ganglion it-

self, i.e., the cell bodies of the sensory neurons or the dendritic
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branches of these ueurous (the fibres passing from the ganglion to

the periphery.) are probably much more likely to cause these acute

irritative trophic changes than are lesions in other jjortions of the

trunk of the fifth nerve, i.e., posterior to the ganglion.

Althaus"' has recorded an interesting case of jjaralysis of both

fifth nerves in a young man, ajjparently the result of exposure to cold.

The first symptom was pain. This yielded to treatment apparently,

but after it had gone the cornea of each eye became covered with

thick opacities, which resulted in complete blindness in the right eye

and partial blindness in the left. The power of mastication was lost

and the skin of the face and the mucous membranes became quite

numb. There was light oedema of the cellular tissues of the face

which gave the man a peculiar statuesque expression. There was no

paralysis of the facial muscles. The sense of smell was not affected.

All the intrinsic and extrinsic muscles of the eyes were unparalyzed.

The several modes of sensation were abolished— temperature sense,

tactile sense, and the sense of locality. The mucous membranes

of the eyes, nose, and mouth were also ansesthetic. Keflex move-

ments in the eyes, as well as lacrymation upon irritation of the mucous

membrane, were abolished. There was, however, hypersecretion of

mucus in the conjunctiva and in the nose. That from the nose was

so acrid that it irritated the skin of the lip. The growth of hair on

the head and face was not affected. Snuff did not cause sneezing.

The tongue was anaesthetic and had been frightfully bitten and

lacerated by the patient without his knowledge. The secretion of

mucus in the mouth was so excessive as to oblige the patient to use

a handkerchief constantly in order to catch it. Extracting a tooth

did not cause pain. The teeth, however, were not the seat of trophic

changes. The sense of taste was not impaired on the back part of the

tongue ; in the anterior part of the tongue, however, it was blunted.

The muscles of mastication were paralyzed. The patient had a con-

tinuous rushing noise in the head, the cause of which was obscure.

There was no history of syphilis.

The following case of paralysis of the fifth nerve was under my
observation in the nervous wards of the Philadelphia Hospital re-

cently. It has been reported by Charles K. Mills.*'

L. D , aged 26 years, a mulatto, was probably syphilitic. Four
months before admission he began to have headache, both frontal and
occipital. One morning the right side of his face was found entirely

paralyzed, with ringing sensations in his ear. On admission he had
complete paralysis of all the facial muscles supplied by the seventh

nerve and of the muscles supplied by the motor division of the fifth

nerve. Anaesthesia was present on the right side of his face, extend-
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ing from the median line to the angle of the jaw and from two inches

above the hair line on the scalp to the i)oint of the chin. The con-

junctiva of the right eye was totally anaesthetic as was also the right

half of the tongue. Taste was abolished on the right side of the

tongue both in its anterior and posterior portions. Keaction of

degeneration was o b-

served in the affected

muscles. A slight

neuroparalytic ophthal-

mia was present in
the right eye, as shown
by a slight haziness

which had spread over
the cornea. In this

case large doses of jio-

tassium iodide caused
1 m p r o V e m e n t. The
anaesthetic area d e-

creased, the ophthalmia
passed away, and the

paralyzed muscles re-

gained some power.
The cause of the con-

dition was probably a

gumma or a syphilitic

meningitis on the lateral

aspect of the pons.

Another case from

the same clinic, also re-

ported by Mills,'" was

an instance of combined
Fig. 21.—Paralysis of the Fifth Nerve. (Pliiladelijliia Hos- i . « i i2£j.i i

pit^j^ paralysis of the tilth and

seventh nerves. (See

Fig. 21.) This patient probably had brain syphilis. He had had

recurring attacks of paralysis of the left half of the body. The last

attack left him with complete facial palsy on the left side. In ad-

dition he had paralysis of the motor division of the fifth nerve and

limited areas of anaesthesia in the distribution of this nerve. The
ophthalmic branch especially was involved and the patient had a

high grade of neuroparalytic ophthalmia, for Avhicli it had been

found necessary in the hospital to enucleate the eyeball.

The second class of sensory affections of the fifth nerve comprises

those that are characterized by irritation. These may be divided

into headache, neuralgia, migraine, and tic douloureux. All these

diseases are ])roperly described here except migraine.
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Headache.

Headache is rather a symptom than a distinct disease. Its exact

pathology is obscure in any case, but as it is an acute pain occux)ying

some position in the area of distribution of the fifth nerve it is rea-

sonable to suppose that its seat, at least in some instances, is in that

nerve. It may be due to irritating substances in the blood or to vaso-

motor changes affecting the circulation in the nerve branches or in the

meninges of the brain or even in the brain itself. However caused,

headache probably finds expression as a pain by irritating the

branches of the fifth nerve distributed within the cranium. It must
not be forgotten, however, that the meninges receive numerous fila-

ments from other nerves, especially the sympathetic, and that these

may also be the channels of the pain sense.

Headache is such a common symptom of various disorders of

health and is so little likely to follow definite laws that it is difficult

to describe it systematically. It occurs at all ages and in both sexes.

According to Dana" the most common ages for headache are from

ten to twenty-five and from thirty-five to forty-five years. It is very

uncommon in early childhood and in old age. Women suffer more
than men and it is probably rather more frequent among the wealthier

classes.

The causes of headache are various. Among the most common
are the various toxaemias. Gout and rheumatism are not infrequent

causes of headache. In gout especially this symptom is important

and too often overlooked. The headache of gout is usually paroxys-

mal and it may even substitute an explosion of the disease in some
other portion of the body. Thus in a gentleman recently under my
observation severe and obstinate frontal headache was the only symp-
tom for a long period. He had been subject formerly to attacks of

gout in the great toe and during this attack of headache had uric acid

in excess in his urine. He one day wore a tight-fitting shoe with a

fold of the stocking making pressure across his formerly gouty joint.

This caused an explosion of gout in the joint with immediate and

permanent relief from the headache.

Uraemia not uncommonly causes headache. In fact in cases in

which persistent headache is a new and obscure symptom this cause

should always be searched for. The severe headache of uraemia is

sometimes associated with nausea and vomiting, the complex of

symptoms thus simulating a gastric disorder. A paroxysm of head-

ache may precede and herald in a convulsive attack or a state of

coma. In the blood poisoning of puerperal eclampsia headache is
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not an uncommon symptom and is sometimes a very early and sugges-

tive one. In tliis state it may be associated with amblyopia or ob-

scurity of vision or visual hallucinations, as of moving objects, specks

or clouds, or bright light before the eyes.

In diabetes headache with gastric disturbance, followed by delirium

and dyspnoea, is often one of the preliminary symptoms of one form

of diabetic coma.

In the various infectious fevers headache is not uncommon. In

the early stages of typhoid fever this symptom is often urgent and

distressing.

The various toxic substances, such as alcohol, lead, and tobacco,

not infrequently cause headache. In lead poisoning this is not, how-

ever, a very frequent symptom. In that grave complication, fortu-

nately somewhat rare, called "lead encephalopathy," an excruciating

headache is often the prominent symptom. This is associated with

or followed by delirium or stupor, passing into coma.

In acute alcoholic poisoning severe headache is a frequent sequel,

while in chronic cases the toper's morning headache is well known.

The various severe neuroses, such as hysteria, neurasthenia, epi-

lepsy, and migraine, frequently cause headache.

The headache of hysteria is quite characteristic. A common

form is the clavus. This is a circumscribed pain in the head of very

limited extent which has been likened to a pain such as would be

produced by driving a nail into the part, hence the name. This

clavus may be accompanied with ringing and beating noises in the

ear and with the feeling of being beaten on the temple with mallets.

This sjmptom, as already said, is conspicuous among the prodromes

of the grand attack of convulsive hysteria.

In neurasthenia headache and also pains in the back and limbs

are not uncommon. These pains are rather diffused and are not as

a rule very intense in character. They are often associated with a

sense of fatigue, even on slight exertion. The headache of neuras-

thenia is not, as a rule, diffused over the entire head. Its favorite seats

are the occiput and the brow just above the eyes. When located

in the occiput it is likely to be associated with pain in the back of the

neck and between the shoulders. The headache of neurasthenia is

sometimes characterized by the sense of a tight band drawru about

the head. Headache is very readily caused in some neurasthenic

patients by any effort, whether mental or physical, however slight.

In some rare cases it is a severe and obstinate symptom.

The headache of epilepsy is an important symptom. It almost

invariably follows the attack and may persist for some hours or even

days. Sometimes the headache, with the associated sensory symp-
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toms, constitutes the whole of the attack and may consist in a crisis

resembling migraine. Some authors, in fact, have tried to i^oint out

an analogy between migraine and epilepsy, calling attention especially

to the explosive character of these two neuroses, but a relationship

is not satisfactorily proven. Certainly ordinary migraine does not

show a tendency to pass into motor epilepsy. In these cases of epi-

lepsy, in which the headache and sensory symptoms are prominent

or isolated, the attack may be considered substitutional, i.e., the sen-

sory crisis substitutes the motor or convulsive crisis. This may be

one form of what has been termed "masked" epilepsy.

In migraine headache is one of the essential symptoms of the

paroxysm. It is usually ushered in by some affection of the optic

nerve, such as amblyopia, or various forms of visual hallucination.

As these pass off, usually after a few minutes or an hour, the head-

ache gradually supervenes. It is often very severe in type and may
endure for as long as a day or even two, completely prostrating the

patient. The attack usually closes with nausea and vomiting. Mi-

graine is essentially a paroxysmal disease and may possibly be

caused by some autogenous poison in the blood. The attacks vary

in intensity and frequency according to individuals. It is most

severe in childhood and early adult life and tends to abate in middle

life and frequently ceases entirely before old age.

Another class of causes of headache may be considered reflex.

Among the most common of these is eye strain. Errors of refraction

not infrequently cause headache. The pain may be either frontal or

occipital ; very rarely it is more diffused over the head. The patient

not infrequently is ignorant of the trae cause of this symptom. Its

character is often indicated by the fact that it is brought on or inten-

sified by over-use of the eyes at fine work, such as reading, sewing,

and embroidering. Another ocular cause for headache, although not

truly reflex, is glaucoma. It may be an early symptom, rather par-

oxysmal in tyi)e, of extreme intensity, associated with paleness of the

face, nausea, and vomiting. In chronic cases it may also be paroxys-

mal, very intense, simulating to some extent migraine. In these cases

close inspection will reveal increase in the intraocular tension, irreg-

ularity in the pupil, with a sluggish iris, anaesthesia of the cornea,

haziness, and impairment of vision.

Diseases of the naso-pharynx may cause pain in the distribution

of some branch of the fifth nerve. The pain may be especially in the

temporal region or in the forehead. It may be accompanied in ex-

treme cases with nausea. It is not, however, truly reflex in character,

but is usually due to direct irritation of the trunk of a nerve. Inspec-

tion of the nose will usually reveal the true cause of the symptom.
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Dyspeptic disorders are associated at times with headache.

There is nothing especially characteristic about this symptom. It is

possibly due to imiDOverished or poisoned blood, the result of gastric

disorder.

It is commonl}^ said that disorders of the sexual system may pro-

duce headache. Masturbation, especially when associated with a

characteristic neurasthenia that develops as a result of this habit,

may cause headache and aching pains in the back. This headache is

especially likely to supervene immediately after the act, and may last

for some hours. In confirmed cases it may persist longer, and is an

expression then of a general depraved state of nutrition of the blood

and nervous system.

Finally, common causes of headache are found in various organic

diseases of the brain and of the cranial bones. Tumor of the brain

is very commonly accompanied with headache. In fact, this symp-

tom is rarely absent, and in most cases it has peculiar character-

istics (Mills and Lloyd"'). It is usually a continuous pain of great

severity, but with exacerbations or paroxysms of great violence.

In some cases, however, it is dull or throbbing, accompanied with

a sense of weight, pressure, or constriction, but even in these cases

it usually increases towards the end and becomes less endurable.

In the table of one hundred cases of brain tumor collected by Mills

and Lloyd, headache of some type was present in sixty-six. In

only five cases was it stated not to have been observed, while of the

twenty-nine cases in which no mention was made of it, it was probably

present in a large majority. In some cases the pain seems to be lo-

calized at a point near the tumor. It may even be associated, espe-

cially in the cases of tumors involving the meninges, with tenderness

over the skull. In cerebellar tumors the pain is sometimes occipital,

but this is not an invariable rule. Other organic lesions of the brain

that cause headache are meningitis, especially syphilitic, aneurysm,

and diseases of the cranial bones involving the meninges and the brain

cortex.

Neuralgia.

Neuralgia may be defined as a pain, paroxysmal and intermittent

in character, confined to one or more branches of a nerve. It is not

uncommon in the fifth nerve ; in fact, this nerve is one of its favorite

seats. Its main characteristic, as indicated by its name, is pain.

It has few if any objective symptoms. The distinction between head-

ache and neuralgia is rather vague and arbitrary. Neuralgia is usu-

ally a more circumscribed afi'ection than headache, i.e., it is more

likely to be limited to one or to a few nerve trunks. The underlying
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condition of tlie nerve structure in neuralgia is obscure in many cases.

The disease, as already said, is usually paroxysmal. It is possibly

due to some irritant circulating in tlie blood, or it may in some cases

be simply an inflammation of tlie nerve trunk or a neuritis. It is

customary to describe neuralgia as being either idiopathic or symp-
tomatic, by which is meant in the first case that the disease is purely

functional, and in the second that it is due to an organic change in the

nerve itself. Such a distinction is of little value ; in fact, it is entirely

misleading. The severe pain of a neuralgia cannot be caused by
anything less than some irritating agent afi'ecting injuriously the sen-

sory neurons. That this agent is often obscure and even paroxysmal

in its action does not furnish a ground for the claim that the disease

is purely functional. The most typical neuralgias are those that occur

paroxysmally in some branch of the fifth nerve. These paroxysms

may be comparatively short in duration, or they may last for days

or even weeks. Not infrequently the intermissions are long, although

the rule varies in this respect. The most common causes of neuralgia

are doubtless toxic states of the blood ; thus rheumatism, gout, mala-

ria, syphilis, diabetes, and other dyscrasias are especially likely to

cause neuralgia. Heredity seems to play a part in some forms of

neuralgia. Yictims of the disease are not infrequently neurotic or of

neurotic stock. Eeflex causes (so frequently assigned to neuralgia)

are probably exaggerated. Eye strain, as already said, not infre-

quently causes localized headaches, which might, of course, be with

propriety called neuralgic, for after all the use of the word " neural-

gia" is somewhat arbitrary.

Neuralgia is usually a disease of adult life. In the case of chil-

dren neuralgic attacks should always excite the suspicion of migraine.

In persons well advanced in adult life the onset of neuralgic attacks

should excite the suspicion of some organic cause for them or of

some dyscrasia. Thus syphilis, gout, rheumatism, malaria, uraemia,

diabetes, glaucoma, eye strain, disease of the teeth or of the nasal

chamber, or some commencing organic disease within the cranium

should all be searched for.

The pain of neuralgia is usually of a severe type. Cases occur of

course that are an exception to this rule, but the majority of pa-

tients describe the pain as peculiarly harassing and unendurable. It

is usually sharp and lancinating in character. This is so especially

in the fifth nerve, the neuralgia of which usually presents a type of

great severity. Even during the paroxysm the pain, however, is not

always constant. It may remit only to recur again with renewed in-

tensity. There is sometimes even a distinct periodicity in the occur-

rence and recurrence of the exacerbations. This was formerly sup-
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posed to indicate a malarial origin for neuralgia, but this view no

longer prevails. Exposure to cold during a paroxysm usually in-

creases its severit}'. Firm pressure often relieves, but a light touch

may aggravate the pain of a neuralgia of the fifth nerve. In very

severe cases the skin may become flushed and the eyes slightly suf-

fused ; or, on the other hand, the face may show an unusual pallor.

The pathology of neuralgia consists probably in some slight,

more or less temporarj^ changes in the neurons, due to the circulation

in the blood of some toxic agent. These changes may amount in some

cases to a slight inflammation or neuritis. This is so especially in

cases of the most persistent character and most severe grade. In

case a distinct neuritis were the underlying condition of an ordi-

nary neuralgia it is likely, however, that we should have other and

objective symptoms. Thus anaesthesia, paralysis of motor fibres in

mixed nerves, and trophic changes should occur. The fact that these

are seldom if ever present in ordinary paroxysmal facial neuralgia is

rather against the theory of such a distinct organic change as inflam-

mation being the cause of the symptoms. The most acceptable theory

in my judgment is that in most cases of neuralgia the pain is the ex-

pression of an irritation of the sensory neurons caused by toxic sub-

stances in the blood, and that this irritation in the great majority of

cases does not proceed to a true inflammation. In cases in which a

distinct neuritis can be demonstrated, as, for instance, by the swell-

ing of the nerve trunk at the supraorbital notch, as claimed by Sink-

ler, there does not appear to be any reason why the case should not

be classed as one of neuritis instead of being especially designated

as neuralgia.

From what is said it appears that the main points for the diag-

nosis of neuralgia are severe pain, paroxysmal in character, and lim-

ited in its area, and the absence of symptoms of profound organic

change in the nerves, such as anaesthesia, paralysis, and trophic

changes.

Migraine.

Migraine is one of the explosive neuroses. Brief mention for the

sake of comparison may be made of it here. Migraine is more than

a mere afi'ection of the fifth nerve, although one of its most severe

symx)toms is located in that nerve. It is characterized by visual,

neuralgic, and gastric symptoms, and although usually described as

a mere neurosis, it is i)ossibly due, as already explained, to some
autogenous toxin in the blood. The pain of migraine is located as

a rule—to which there are few, if any, exceptions—in the head. The
attack is usually ushered in by a sensory aura. In the vast ma-
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jority of cases this aura is in the nerve of sight. It is usually an

amblyopia, although in some cases scintillations, spectra, phan-

tasmagoria, undulatory, wave-like, or rotating lines or currents,

and in rare cases the figures of animals or men are seen. In some

eases, however, the sensory aura may be felt in other nerves of the

body, as for instance a tingling or numbness in the hand, arm, or

shoulder. These aurse subside before the onset of the neuralgic pain.

This pain is usually severe in character and may persist for hours or

even for days. The attack terminates with gastric disturbance, such

as nausea and vomiting. Eachford, quoted by Wilson, "^ attributes

migraine to a leucomain poisoning and has found parasanthin and

xanthin in the urine.

Migraine frequently begins in childhood, reaches its height in

early adult life, and declines after the meridian of life. It is to be

distinguished from other forms of headache and neuralgia by its

peculiar constitutional and paroxysmal type, by its aurse or pro-

dromes, and by its gastric disturbances.

Tic Douloureux.

This dreadful disease is a special form of neuralgia of the fifth

nerve. It is characterized by pain, usually of the most intense

character, located at first in one or perhaps more branches of the

trigeminus. It is not so distinctly paroxysmal as the other neural-

giform affections of this nerve. It is, however, subject to severe

exacerbations and to periods of very marked remittence. In some

cases, however, the pain is practically^ constant, and in no case, as

a rule, does it completely subside. The tendency for tic doulou-

reux to be located in only one trunk of the fifth nerve is a marked

characteristic. It is, moreover, a disease of adult life, the great ma-

jority of cases being in persons over forty years of age. It is seen

about equally in both sexes.

The causes of tic douloureux are altogether obscure. Regarding

the disease, as I do, as a degenerative one of the sensorj' neurons,

especially their cell bodies in the Gasserian ganglion, I feel that it has

not yet been practically demonstrated what the exciting cause of this

irritative degeneration is. The histories of cases seem to indicate

that the disease is sometimes due to trauma, exposure to cold, carious

teeth, or various debilitating agents. These may and probably do

in some cases act as exciting causes, but, considering the inveteracy

and the severity of the symptoms, it seems more than probable that the

proximal or underlying cause must be some deeper seated degenera-

tive tendency in the bodies of the neurons themselves. Syphilis and
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the various dyscrasise caused by gout, rlieumatism, and malaria can-

not with certainty be held responsible for the larger proportion of

cases of tic douloureux. Heredity is an unimportant factor, and the

over-use of alcohol and tobacco does not appear to be an element iu

the causation of this disease.

The symptoms of tic douloureux are intense pain, lacrymation,

flushing of the face, and rarely spasmodic movements of the muscles

supplied by the seventh nerve. Of these symptoms the pain is the

only constant and characteristic one.

The pain of tic douloureux is peculiarly severe and atrocious. It

is a stabbing or darting pain, occurring as a rule in short paroxysms

of great intensity but not completely remitting. These paroxysms

are excited by the most trifling causes, such as exposure of the face to

cold air, movements of the facial muscles or of the tongue, attempts

to drink or to chew food or to talk; in many cases, in fact, paroxysms

occur without apparent exciting cause. Sometimes they are excited

by movements of other or distant parts of the body, such as slight

muscular exertion, attempts at dressing, arising from the recumbent to

the sitting xjosition, or combing or brushing the hair. In cases in

which the tendency to these paroxysms of stabbing pain is the great-

est the patient in fact is often forced to lie supine, dreading to move,

to speak, or to take food.

The paroxysms of tic douloureux may or may not be associated

with vasomotor phenomena. As a rule, in cases which I have ob-

served, no such phenomena have been seen. Lacrymation is occa-

sionally seen, although it is by no means common or characteristic.

Spasmodic movements of some of the facial muscles are sometimes

symptomatic of tic douloureux. These movements are seen more espe-

cially in cases in which the maxillary divisions of the fifth nerve are

involved, and in that type of case especially which has been miscalled

epilepiiform. In this type the stabbing pains occur with great sud-

denness and, as it were, with lightning-like rapidity, and the facial

muscles are thrown into spasms as a result. These spasms, in some

cases, are possibly not entirely reflex. They may be in part voli-

tional, the patient fixing the muscles of the face in an attempt appar-

ently to immobilize the parts so as to remove all sources of irritation

from the branches of the nerve. In some cases, however, these

spasms in the facial muscles appear to be truly reflex. The muscles

in groups are thrown into tonic or clonic spasms over which the pa-

tient has no control, these clonic spasms themselves seeming to excite

in turn renewals of the explosions of j^ain.

The location of the pain of tic douloureux varies. As an almost

invariable rule, however, this pain in the early stages of the disease
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has rather a strictly liinited localization. Thus it is not uncommon
to see only one nerve trunk involved, and this may be the only branch

of the fifth nerve aifected for a comparatively long period. This is

so common that it maj^ be considered almost a characteristic of the

disease. As the case progresses, however, other branches of the

same division become affected, and ultimately the pain may pass from
one main division of the fifth nerve to the other.

In a case in which the ophthalmic division is involved the pain

is felt chiefly in the supraorbital branch. It is felt especially at the

supraorbital notch, where the nerve emerges from the skull. From
this point the pain follows the ramifications of the nerve upon the

brow. The pain is also felt along the side of the nose following the

nasal branch, and in some cases it is deep within the orbit. Pain

on pressure is felt especially at the jJoints where the branches of

the nerve emerge, hence at the supraorbital notch, at the upper side

of the nose near the inner canthus of the eye, and at the point of

emergence of the nasal nerve on the side of the nose. This type of

tic douloureux has been supposed (without sufficient reason) to be an

evidence of malarial poisoning.

In cases in which the superior maxillary division of the fifth nerve

or its branches is involved the pain is felt with especial severity on
the upper part of the cheek. This is a not uncommon type of tic

douloureux. The branches of the superior maxillary nerve emerge

upon the face at the infraorbital foramen. From this point the

pains of tic douloureux radiate, involving the cheek, the median por-

tion of the side of the nose, and the whole of the uj)per lip. The
tender points are especially at the infraorbital notch, where the nerve

emerges beneath the orbit, at the side of the nose, and over the malar

bone.

In cases in which the inferior maxillary division of the fifth nerve

is involved the pain is rather more extensively diffused, because of

the greater number of branches of this division and their wider or

more extensive ramifications. The pain is felt about .the skin of the

chin and lower lip, lower jaw, cheek, anterior portion of the ear, tem-

poral region, teeth and gums of the lower jaw, and side of the tongue.

The most common type of tic douloureux in this location is that in

which the inferior dental branch is involved. This branch of the in-

ferior maxillary division of the fifth nerve is the largest. It lies em-

bedded in the dental canal of the lower jaw bone, sending branches to

the lower teeth and emerging from the canal at the mental foramen

upon the chiu. Its branches supply the skin and mucous membrane
of the lower lip and the skin of the chin as well as some of the neigh-

boring muscles, which thus receive their common and muscular sensi-
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bility. At this iDoiut of exit at the mental foramen the inferior dental

nerve is especially sensitive in some types of tic douloureux. In one

instance I knew it to persist thus localized for a period of several years.

A space hardly as large as a silver dollar surrounding the mental

foramen and including the lower lip was the seat of most exquisite

pain, inhibiting all movements at times of the lip and lower jaw.

In time, however, the auriculotemporal nerve became involved so

that shooting pains were felt about the pinna of the ear and the

temporal regions ; later still the lingual or gustatory branch was in-

volved so that the paroxysms of darting pain were felt along the side

of the tongue. This characteristic commencement and distribution

of pain in the branches of the inferior maxillary nerve were evidences

probablj^ of the central or ganglionic origin of the affection.

As an almost universal rule structural changes are not seen in

cases of tic douloureux. Ansesthesia in the distribution of the

affected nerve is rare but not unnoted. True trophic changes, such

as herpes and pemphigus, have not, so far as I know, been observed.

Vasomotor changes, such as flushing of the face and lacrymation, are

occasionally seen.

Inhibition of the movements of the face, lips, and tongue, and of

the muscles of mastication is very common in this disease. This be-

comes in fact in severe cases a grave complication. I have known

patients to refuse food for many hours because of the agony experi-

enced in attempting even to draw fluids into the mouth, and to take

so little during a period of many days that the strength was seriously

undermined and the prospects for recovery correspondingly dimin-

ished.

The various types of tic douloureux have been sufficiently indi-

cated in the foregoing descriptions. The most severe form of the

disease is that in which with more or less continuous pain there

occur paroxysms of great suddenness and intensity. This type

has been called epileptiform. That type in which reflex or asso-

ciated spasms of the facial muscles occur has been called convulsive

tic. The various types according to location are the supraorbital,

infraorbital, nasal, malar, mental, and lingual. These types are

simply due to variations in the location and intensity of one and the

same pathological process.

The pathologi/ of tic douloureux is still a subject of some obscur-

ity. It has been customary to state that the underlying cause is in-

flammation of the affected branch of the nerve. Some anatomical

proof in support of this theory has been adduced, as, for instance,

a case re])orted from the Orthopfiedic Hospital, Philadelphia, in

which a nerve trunk excised by Dr. Keen presented under the micro-
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scope the signs of interstitial neuritis. Considering the peculiar

onset and progress of tic douloureux I have long been led to believe

that the irritative process, whatever it may be, whether inflammatory

or more truly degenerative, has its seat probably in the Gasse-

rian ganglion. This ganglion is composed of the cell bodies of the

sensory neurons which compose the fifth nerve. It is exactly anal-

ogous to the ganglia on the posterior roots of the spinal nerves. An
irritative jjrocess having its origin in a small group of these sensorj-

neurons would cause j^ain, which of course would be referred to the

distribution of these neurons on the skin or to the course of their irri-

tated axis cylinders in the nerve trunk. Such a process would prob-

ably involve at the beginning only a very small gToup of contiguous

cells in the Gasserian ganglion. These contiguous cells would prob-

ably constitute a group, sending their axis cylinders to one particular

nerve trunk. This would account for the strictly local character of

the pain at the commencement. As the irritative process advanced

other cell groups would be involved, and thus gradually other nerve

trunks would begin to transmit painful impr.essions. As the cell

bodies of the neurons, which are the nutritive centres, degenerated,

the axis cylinders would also undergo destructive changes, according

to the well-known law of degeneration. In the course of time pro-

liferation of interstitial tissues in the nerve trunks would occur and

thus many of the appearances of an inflammation might be presented.

This practically is what has been found in the excised branch of the

fifth nerve. Therefore the mere fact of the presence of degenerative

or inflammatory changes in the excised nerve does not prove that

the initial process was in that nerve and not in the ganglion. The
fact that cure or relief has been gained temporarily by excision

of the nerve trunk can be explained on the supposition that the

powerful impression made upon the neuron by totally ablating its

axis cylinder might for a time arrest the inflammatory or degenera-

tive process in its cell body or impair its transmitting power. But

even admitting that this supposition is unwarrantable, the fact re-

mains that in almost all cases in which the affected nerve trunk has

been excised the disease process almost invariably passes in time

into another nerve trunk, and this certainly could only be by way
of the Gasserian ganglion.

Again, this process of a slowly degenerative and irritative change

passing from cell hodj to cell body within the ganglion itself is

strictly analogous to what we see occurring on the motor side of the

nervous system, i.e., in progressive chronic anterior poliomyelitis.

On the sensory as on the motor side the change seems to pass from

cell body to cell body, the characteristic difference being tliat in the
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latter case we liave progressive paralysis and muscular atrophy and

in the former j)rogressive neuralgic pain.

The fact that tic douloureux in the majority of instances is seen

in persons well advanced in life might be looked upon as presumptive

evidence that the disease process is one of degeneration. But this

evidence is not of great value from the very fact that many cases oc-

cur in comparatively young i)eople.

Trophic changes, as already said, are comparatively unknown in

tic douloureux. J. F. Walsh "' reports a case of neuralgia confined

to the lingual branch of the fifth nerve in which after stretching that

branch the tongue appeared slightly i^ushed over towards the affected

side, but there was no atrophy or other trophic change. In this

case, which occurred in a young woman twenty-six years of age, the

Xjain was entirely confined to the right lingual nerve. It is rather

difficult to understand, considering the severity of the irritative proc-

ess in tic douloureux, why trophic changes are not more common.

The fact that they are not seems to militate against the theory that

the changes in the Gasserian ganglion are of an acute inflammatory

character. We know that inflammator}^ changes of an acute kind

in the intervertebral ganglion, and in the nerve leading from it, not

infrequently cause herpes zoster, and we have seen in this article

how the irritation in the ganglion caused by small tubercles will

be followed by an herpetic eruption. Nothing like this appar-

ently^ ever occurs in ordinary tic douloureux. The inference seems

warrantable, both from this fact and from the extreme slowness and

chronicity of the disease, that the change in the ganglion is not one of

an acute irritative character, but rather of some slow degenerative

process. Additional light upon this important subject must be sup-

jjlied by microscopic studies on the ganglia that have been excised.

The following case of tic douloureux is at jiresent under my care

in the Philadelphia Hospital

:

P. T , 58, white, occupation weaver, has had a high grade
of convulsive tic for six years. Formerly the spasms varied in fre-

quency from every five minutes to several liours. They are brought
on b}^ eating, drinking, and by sudden changes in the temperature.

The pain at first was worse on the cheek and temple. During
a spasm the face becomes flushed, the muscles twitch markedly,
and the pain is excruciating. The patient grasj^s his face in his

hands and begins to tremble all over and has an expression of

great agony on his face. On admission to the hospital this patient
admitted an addiction to alcohol liut denied that he had ever had any
venereal disease. His present condition is as follows : His hair is

gray, more so on the affected side of the seal]); the nose is much de-
formed as the result of a severe accident, which caused fracture of the
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bone and deviation of the nose to the right; the nasal chamber of the
left or affected side is almost obliterated by the deviated sejjtum and
the deformity of the bones; the nasal mucous membrane has a pur-
plish hue, and shows evidence of a chronic inflammation. The man's
arteries are firm, sclerosed, tortuous, and of a very high tension. The
paroxysms of pain and associated spasms occur now every few mo-
ments and are excited especially when the patient attemx)ts to talk or to

take food. These spasms involve the left occipitofrontalis muscle and
the muscles of the cheek and upper lip. The pain is of a darting
character and excruciating in degree. It is most marked during the

spasm just above the external canthus and in the region of the supra-
orbital nerve. There is also considerable pain at the infraorbital fora-

men and on the left side of the upper lip, also at a point about an inch
below the left zygoma whence it runs forward to the alveolar border of

the sujierior maxillary bone of the same size. In this case the spasm
of the muscles is tonic and not purely reflex, because it can be con-
trolled to some extent by the patient. It seems rather to be an ef-

fort on the part of the patient to make the face and all the painful

I)arts immobile with the instinctive hope or intention of thus reducing
the stabbing pain to a minimum. The relationship of trauma to the
onset of tic douloureux in this case is most interesting. The man had
a severe accident which caused fracture and great deformity of the
bones of the nose, and this was followed in a short time by commenc-
ing tic douloureux. It is a question whether the original wounding
of the nerve endings may have been the starting-point for an irrita-

tive process, inflammatory or otherwise, which then ascended to the
Gasserian ganglion and later spread to the other neurons. The dis-

tribution of pain now is widespread through the branches of the oph-
thalmic and superior maxillary divisions of the fifth nerve. This
patient has already submitted to an excision of the nerve at the infra-

orbital foramen, but the operation gave no relief, probably because
the pain was not limited to this nerve.

The medical treatment of tic douloureux is most unsatisfactory.

All the sedative and alterative drugs known to medical science have
been used upon this obstinate disease and not one of them has made
a permanent reputation. The risk of formation of some drug habit

by these unfortunate patients is very great. This is true especially

in reference to morphine and other opiates and cocaine. It is possible

with these and similar anodynes to give the patient temporary relief, but

their repetition is so soon, so frequently, and so urgently demanded
that the physician must early come to feel that he is standing before

the ugly alternative of refusing to relieve his patient on the one hand,

or of enslaving him to a drug on the other. It is scarcely worth while

to mention the whole list of sedative and anodyne drugs. Morphine or

some opiate will undoubtedly give the promptest and most efficient

relief for a short time from the severe paroxysms. Cocaine by injec-

tions is also an efficient as well as seductive drug. The chances of

Vol. XL—12
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the patient comiug to rely upon it are rather greater even than in the

case of mori)hiue. I have thought in some cases that morphine in

small frequentlj' repeated doses, combined with alteratives and tonics,

such as iron and c[uinine, was a curative and not merely palliative

drug. It is better used thus than in larger doses at less frequent

intervals. Its steadily anodyne influence upon the irritated nerve

when given in small repeated doses, as for instance gr. ^V three or

four times a day, seems to have a beneficial effect. Its combination

with strychnine is especially valuable. This latter drug may be

used also in regularly repeated doses, as recently recommended by
Dana. Caution must be observed, however, not to use too large a

dose, for the drug may act as an irritant to the nerve. Dana seems to

think that it acts in some special way in tic douloureux. This may
be true, for it may possibly promote nutritive and alterative changes

that are beneficial. Its combination with small doses of morphine

is advantageous because the latter tends to control any irritative

effect of the former. Nitroglycerin in doses of gr. y^y- frequently

repeated is sometimes useful. The only other drug that seems to

enjo}'' anything like a permanent reputation in the treatment of tic

douloureux is aconitine. It may be given in doses of gr. ^|^ to

Y^. Bromide of potassium is not a useful drug in tic douloureux

or any other painful affection, because it is not an anodyne. Its

disagreeable constitutional effects are incurred without any compen-

sation. The antipyretics, such an antipyrin, antifebrin, exalgin,

phenacetin, and a proprietary drug known as antikamnia have a con-

trolling influence in some of these cases. In very severe cases, how-

ever, I have found their use unsatisfactory both because of their

slight and evanescent effects and also because their continuous use

exercises an injurious effect upon nutrition. They tend to produce

ansemia and so otherwise disturb nutrition, and a tolerance to them is

soon established by the patient which renders their analgesic effects

less and less marked. Chloroform and ether in sufficient doses will

of course deaden pain, but their effect is strictly temporar3^ Of

other sedative drugs mention may be made of belladonna, Indian

hemjj, and croton chloral. Belladonna and its alkaloid atropine

are not satisfactory for the reason that their analgesic effects are not

great and their constitutional effects, especially the dryness of the

throat, are peculiarly objectionable in a disease in which the diffi-

culty of maintaining the secretions of the mouth and throat in a

satisfactory state and of administering food is already verj^ great.

Indian hemp or hasheesh has l^een highly lauded, but its intoxicating

effect upon the brain (especially in large and repeated doses) is much
against it. Croton chloral is undoubtedly of service, especially when
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combined witli the small repeated doses of morphine already men-
tioned. Alterative drugs such as arsenic and iodide of potassium have

never seemed to me to be of much service in any form of neuralgia

of the fifth nerve. The same may be said of the mercurial prepara-

tions. Syphilitic affections of this nerve are certainly rare, but in

cases in which syphilis is demonstrable mercury and the iodides

would probably be efficacious. Great care should be observed in all

cases of tic douloureux to maintain the nutrition and strength of the

patient. Consequently the selection of an approj)riate diet and the

administration of a proper quantit^^ of food should be among the first

cares of the physician. Small doses of some alcoholic stimulant, es-

pecially a good wine or whiskey, are generally indicated.

Local applications are frequently comforting in this disease. The
sedative action of ice should be tried. The ice should be used in a

small rubber bag properly protected by several thicknesses of flannel.

On the other hand, warm or almost hot applications are sometimes

useful. The various sedative and anodyne liniments, such as chloral

and camphor, or those containing chloroform and aconite, are not

without use, although in many instances they are disappointing.

Electricity, especially the constant current, may be tried; it is some-

times not without good effect. But great care should be observed to

use a mild current with the anode over the painful point and to avoid

shocks. Faradism may be irritating in any form of neuralgia of the

fifth nerve. The cataphoric action of electricity is sometimes useful.

By this action a sedative drug may be diffused through the skin over

the painful area. The best drugs for this purpose are cocaine, chloro-

form, and tincture of aconite. They are applied best by saturating a

piece of tissue paper or a thin layer of lint with the remedy, and
the positive pole with a weak current is then applied upon the paper

or lint. By this means some diffusion of the medicinal substance is

caused and the relief may be prompt and may endure for some hours.

The removal of carious teeth may be proper in cases in which the

dental nerve seems to be the seat of irritation. The indiscriminate

extraction of a large number of sound teeth, however, is to be con-

demned, for it is too great a price to pay for what is usually a most
disappointing result.

General hygiene is of great importance in all of these cases. In

one particularly obstinate case I knew great and permanent benefit

result from a sojourn during the winter months in one of our South-

ern States. Travel, however, is very irksome, irritating, and de-

bilitating to some of these patients, and the physician has to take

into due account the possible disadvantages of a long journey, re-

moval from the comforts of home, and separation from regular
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medical and other attendance which are involved in such a radical

change. Fresh air, especially outdoor exercise, while theoretically

advantageous, is practically often impossible for a patient suffering

with the torments of tic douloureux. If a removal from home is made

it is best to select a dry and warm climate. The cold and dampness

of the seashore are not as a rule beneficial to these patients.

The radical and only successful treatment in some cases of tic

douloureux is surgical. In cases in which the pain is limited to only

one branch, that branch alone of course need be excised. The particu-

lar branches which in my observation are most likely to require

excision are the supraorbital, superior maxillary, inferior dental with

its mental branch, and the lingual. Appropriate operations can be

performed in all these cases and are sometimes followed by most

gratifying temporary results. The permanent results, however, in

too many of these cases are disappointing. The tendency of the dis-

ease undoubtedly is to spread from one branch to the other, and this,

as already explained, is an indication that the true centre of the dis-

ease is in the Gasserian ganglion itself, in which are located all the

cell bodies of the sensory neurons which compose the fifth nerve.

Surgeons should weigh carefully these facts when advising operation

upon any isolated branch of any division of the trigeminus. That

the disease tends to spread after operation from the affected branch

to another is, however, no contraindication for the performance of the

operation. A period of relief varying from a few months to as much
as a year or two has often been gained for these sufferers, and this is

a substantial gain well worth the cost and inconvenience of the opera-

tion. The tendency for the disease to si)read from one branch to

another is not increased, so far as we know, by operation on the af-

fected nerve branch. The complete and satisfactory relief from suffer-

ing often secured by oj^eration in cases in which only one nerve trunk

is removed would seem to militate somewhat against the theory that

the true seat of the disease is in the Gasserian ganglion, but too much
reliance must not be placed upon this fact, because the powerful im-

pression made upon an irritated sensory neuron, by cutting off a large

portion of its axis cylinder or its dendrons, might be sufficient so to

alter nutrition as to modify the ability of the neuron to generate or

transmit painful impression. Physiology teaches that there is a dis-

tinction, imi:)ortant to the neuropathologist, between the irritability

and the conductivity of a neuron or its axis cylinder, and that the

former may be even abolished without the latter being impaired.

(See section on Physiology of the Neuron.)

Again, as Donaldson has pointed out, the dendrons of the neurons

are especially its excitable organs ; in other words, they are adapted
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especially for receiving impressions. Now, according to the observa-

tions of Lenliossek the fibres of all sensory neurons extending from

the ganglion of the posterior root to their distributions in the skin

are practically the true dendrons or the active sense organs of these

sensory neurons. Hence in any operation on the i^eripheral branches

of the fifth nerve the surgeon should recall that he is excising the

most sensitive portion, i.e., the receptive organs of the irritated

neuron, and that therefore while he may give temporary relief to his

patient he has no assurance that he is eradicating the whole of the

diseased nervous tissue. If the seat of this disease is, as we suppose,

in the cell body within the Gasserion ganglion, and if the disease has

a tendency to pass from one group of these cell bodies to other neigh-

boring groups, thus involving new nerve trunks, the operation wiU

probably in most cases be followed by only temporary result. This

in fact is what we know has happened after many of these operations

on isolated trunks.

In cases in which the greatest intensity of pain seems to be located

in one nerve trunk, but radiates as it were from that one with less in-

tensity into others, an operation on that particular nerve will probably

do no good. An instance of this is seen in the case in the Philadel-

phia Hospital quoted above. In that case a superficial operation on

the superior maxillary nerve gave absolutely no relief.

Stretching the affected nerve has in some cases been attended with

good results. J. F. Walsh "" has recorded a case of severe tic dou-

loureux limited to the lingual branch of the fifth nerve in a young

woman aged twenty-six years. An incision was made on the side of

the tongue and the nerve was exposed and dissected out of its bed. A
weight of four pounds was apj)lied for five minutes. The pain ceased

entirely for three days but then reappeared. A few days later the

nerve was again exposed and a weight of eight pounds was applied

for two minutes, when it was reduced to four pounds which was con-

tinued for three minutes. The fibres of the nerves showed evidence

of the tension. The pain now ceased entirely and at the end of seven

years had not reappeared. Tension of this kind probably amounts

practically to the same thing as excision, because the fibres of the

nerve are probably disrupted by the weight.

In a case already referred to above, in which the pain was strictly

limited for more than a year to the mental branch of the inferior den-

tal nerve, a simple operation at the point of exit of this nerve from the

mental foramen would probably have given complete but only tem-

porary relief. Operation in this case was proposed, but was rejected

by the patient and her husband. That the relief would only have

been temporary was made evident from the fact that the pain eventu-
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ally extended to the lingual and auriculotemporal branches of the

third division of the fifth.

The only radical operation for severe tic douloureux involving

several branches of the fifth nerve is undoubtedly complete removal

of the Gasserian ganglion. This is a severe and heroic remedy, but

considering the gravity of these cases it is perfectly justifiable if all

its risks are fully explained to the i^atient and his friends. This is

not the place to enter into an elaborate discussion of the technique of

this grave operation. In a recent paper, W. W. Keen" has discussed

elaborately this operation and has reported six cases in which he has

operated. According to Keen the two methods of reaching the gan-

glion are, first, that devised by Rose and, second, the Hartley-Krause

operation. He prefers the latter, first, because of its smaller mortality

due to the possibility of more complete asepsis ; secondly, because

access to the ganglion is by a large opening ; and, thirdly, because the

entire ganglion with its roots can thus be removed. The operation

consists of making an osteoplastic flai3, shaped like a horseshoe, in the

temporal region. This is turned down and the temporosphenoidal

lobe is lifted from the middle fossa of the skull. This is done by

the forefinger, the brain and its membranes being then held up by a

broad spatula. The ganglion is thus reached and ablated. The

dangers and difficulties of the operation consist especiallj'^, first, in

hemorrhage from the middle meningeal artery and the vessels run-

ning in the dura mater, which requires to be torn away in order to

expose the ganglion, and, secondly, in securing and removing the

whole of the ganglion. In some cases, according to Keen, the gan-

glion is probably not entirely removed. It is simply broken up b}^

the curette, hook, or other instruments. In one case, however. Keen

succeeded in removing the ganglion entire. This distinction is a

most important one, and the result, according to Keen, as regards re-

currence or non-recurrence of the pain will j)robably depend upon the

removal or non-removal of the whole of the ganglion. Among the

results of the operation destruction of the cornea is especially to be

feared. This, as already explained, is not an infrequent result of

disease or injury to the fifth nerve. The first operation by Rose re-

sulted in the loss of the eye. According to Keen, however, this

grave result is not common after the operation. In one of his cases,

however, a corneal ulcer resulted. Keen does not appear to regard

danger to the eye as xevj great, but it cannot be denied that it exists

;

it may be due to drying of the cornea and to the presence of septic

organisms in the eye. Keen recommends that the two lids be united

in the centre, and that the eye be frequently inspected and if necessary

cleansed.
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The results in Keen's operations were as follows:

In Case I. the Gasserian ganglion was broken up after thirteen

prior operations on various branches of the nerve. The patient was

cured for twenty-six months, when he had a return of slight tem-

porar}^ twinges of pain.

In Case II. the Gasserian ganglion was broken up after eight

prior operations on various branches of the nerve. Cure followed

for eighteen months, when there was slight return of x^ain.

In Case III. the Gasserian ganglion was broken up after two prior

operations on branches of the fifth nerve. Death resulted from septic

meningitis.

In Case IV. the Gasserian ganglion was broken up after five prior

operations on the nerve branches. Cure resulted for seven months.

There was necrosis of the bone in the flap. There had been no

return of pain at the time of the report.

In Case V. the Gasserian ganglion was broken np after two prior

operations on the nerve branches. Cure resulted for two months so

far as reported.

In Case YI. the Gasserian ganglion was removed entire with

the second and third divisions and its sensory and motor roots back

to the pons, after four prior operations on the nerve branches. Cure

was complete, but the case was reported only a few weeks after oper-

ation.

These results, in spite of the fact that one death occurred in six

cases, must be considered as highly satisfactory in such a grave af-

fection as tic douloureux.

In a recent paper Doyen"'^ recommends the resection of a portion of

the bone covering the temporal fossa and of a part of the greater wing

of the sphenoid bone. The technique of his ojperation need not be

described here. The oi^eration seems to render the complete removal

of the ganglion rather more easy than the Hartley-Krause operation.

In one case complete cure had persisted for two and a half years, but

in two cases death resulted. Hence on the score of mortality the

operation has much to be said against it.

From the strictly neurological standpoint removal of the Gasserian

ganglion for intractable and widely extended tic douloureux is a

logical and perfectly justifiable operation. This is so for the rea-

son that all clinical evidence seems to point to the fact, as already

emphasized in this paper, that the true seat of the disease is in

this ganglion; consequently any operation upon an isolated trunk

of the nerve will probably give only temporary relief. In cases in

which the disease is as yet strictly limited to one nerve trunk, section

of this trunk had of course better be undertaken instead of the dan-
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gerous procedure for removing the ganglion itself. But in cases,

unhappily the most frequent, in which more than one trunk is in-

volved, nothing short of removal of the ganglion itself offers any

prospect for a cure. With improved technique and enlarged experi-

ence the mortality from the operation, as seen in the work of Keen
and other surgeons, is not so great as to discourage the removal of

the ganglion.

Motor Affections of the Fifth Nerve.

The motor affections of the fifth nerve are of course confined to the

motor branch of that nerve. This branch supplies the muscles of

mastication, i.e., the temporal, masseter, and pterygoid muscles, and

some of the small muscles of the middle ear, as well as the mylohj^oid

muscle and the anterior belly of the digastric. Before dividing, how-

ever, into its several branches the motor division of the fifth nerve,

after passing beneath the Gasserian ganglion, unites with a division

of the inferior maxillary nerve, and from this trunk five branches

arise which supply the muscles of mastication, as well as some of the

integument about the mouth and the mucous membrane within the

mouth beneath the buccinator muscle. Consequently these motor

branches are mostly mixed nerves containing some sensory as well as

motor filaments. The deep origin of the motor fibres of the fifth

nerve is in a nucleus in the pons.

The motor division of the fifth nerve may be affected by lesions in

its nucleus, in the pons, in its course between its exit from the pons

and its junction with the inferior maxillary nerve, or in any of its

branches. The most common affections are those that involve the

nerve trunk in this second jjortion of its course, i.e., between the

pons and its junction with the branch from the inferior maxillary.

The most common lesions are of course those that affect the sensory

branch of the fifth nerve, as the two lie so close together that they are

practically both affected by the same lesion. The most common of

these lesions are syphilitic meningitis and tumors. Within the pons

focal lesions, such as tumors, hemorrhage, and embolic softening, in&y

cause paralysis of the motor root of the fifth nerve. The symptoms of

paralysis of the motor division of the fifth nerve may be either spasm

or loss of jiower.

Spasm of the muscles of mastication causes the Avell-known tris-

mus or lockjaw. The jaw is firmly set and the muscles of mas-

tication, especially the temporal and masseter, can be felt under the

finger firmly contracted. Attempts to open the jaw meet with re-

sistance, which may seem to be voluntary in character. When the
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muscles of botli sides are affected the face has the characteristic grin

known as the risus sardonicus, caused by an elevation of the corners

of the mouth due to a slight associated spasm of the facial muscles.

Trismus as an isolated symptom is an exceedingly rare occurrence.

As an associated symptom it is frequently seen in tetanus and in

meningitis about the base of the brain. How much it is due in

either of these cases to irritation of the nerve trunk, or how much
to irritation of the nerve centres it is not possible to state. In men-

ingitis about the base of the brain, especially the tuberculous

variety, the motor branch of the fifth nerve may be within the in-

flamed membranes. In such cases the nerve branch itself may be

directly involved and irritated by the morbid process. Eeflex spasm

in the muscles of mastication is said to be caused sometimes by irri-

tation of some of the sensory branches of the fifth nerve. Such

cases must be exceedingly rare. A carious tooth or an ulcer in the

mouth may be capable of producing such a reflex spasm, but in any

such instance I should rather regard the spasm as voluntary and in-

dicative of an effort by the patient to render the painful part immobile

and thus diminish all sources of irritation and all chances of increas-

ing pain. Spasm of the muscles of mastication is an occasional symp-

tom of tumor or other focal lesion in the pons or about the base of

the brain. Thus Gowers refers to the case of a woman who probably

had a focal syphilitic lesion about the basilar artery and who had

spasm of the muscles of mastication. In this case, however, the

sensory parts of the fifth nerve were unaffected, therefore it seems

probable that the lesion could scarcely have been limited to the motor

branch, but must have been nuclear. On the whole it must be con-

cluded that spasm of the muscles supplied by the motor division of

the fifth nerve is an extremely rare symptom of a local lesion within

the cranium.

Paralysis of tlie motor branch of the fifth nerve is a usual accom-

paniment of paralysis of the sensory division. This can be accounted

for by the close proximity of the motor nerve to the sensory root and

the Gasserian ganglion. The symptoms are as follows: The tem-

poral, masseter, and two pterygoid muscles on the affected side are

paralyzed, consequently the patient is unable to close the jaws tightly

except by the action of the muscles of the opposite side. This can

readily be determined by causing the patient to chew upon some

small object, such as a crust of bread or a piece of cork. With the

fingers then placed over the temporal and masseter muscles it is readily

observed that these do not contract, and this is in marked contrast

with the motion of their fellows on the opposite side. The paralysis

of the external pterygoid muscle causes a characteristic failure in the
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lateral movements of tlie jaw. As the action of this muscle is to

draw the lower jaw forward this movement cannot be satisfactorily

executed, and the unopposed muscle acting alone the corresponding

or unparalyzed side is not only drawn forward but deviates towards

the paralyzed side; consequently the to-and-fro lateral movements

of the lower jaw necessary for the trituration of the food are abol-

ished, the patient in his effort simply forcing the lower jaw towards

the paralyzed side. Although the tensor tympani is supplied by

the fifth nerve, no affection of hearing is commonly caused by pa-

ralysis of the motor root. In long-standing cases, in which degenera-

tion of the affected muscles occurs, a perceptible flatteniug is visible in

the region of the temporal and masseter muscles, and secondary

shortening may even produce a slight rigidity of the jaw on the

affected side.

The diagnosis of paralysis of the motor branch of the fifth nerve

is comparatively easy, although this paralysis may readily be over-

looked by a careless observer. In any suspected case, as just remarked,

it is only necessary for the physician to place the fingers of one hand

upon the muscles of the affected side and the fingers of the other hand

upon the muscles of the unaffected side and to direct the patient to

chew upon some small object. The contrast between the action of the

unparalyzed muscles and the loss of action of the paralyzed muscles is

then very noticeable. The seat of the lesion is clearly indicated when

the muscles are paralyzed in conjunction with anaesthesia of all the

sensory branches of the fifth nerve. It must then be either within the

pons or between the pons and the junction of the motor branch with

the inferior maxillary nerve. The ophthalmic branch, after it leaves

the Gasserian ganglion and enters the orbit, may of course be impli-

cated without involving the motor branch. It is conceivable also that

some branches of the second and third division of the fifth nerve

. might be implicated without involving this branch. The motor branch

would not likely be involved apart from all the sensory branches

except by a strictly localized lesion in its nucleus within the pons.

The treatment of paralysis of the motor branch of the fifth nerve

depends of course upon its cause. In case of a S3q:)hilitic lesion

active treatment with the iodides and with inunctions or hypodermic

injections of mercury is indicated. Treatment of the affected muscles

by electricity may be tried, but in case of a deep-seated lesion this

treatment is of secondary importance. As the faradic contractility

of the muscles is soon abolished by a destnictive lesion it would be

useless to try faradism. The galvanic current might be used to

maintain the nutrition oi the muscles during the progress of more
radical treatment.
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Diseases of the Seventh Nerve.

This nerve rises frcwn a nucleus, in the tegmentum of the pons
VaroHi, composed of large multipolar cells. The axis cylinders from

these neurons pass backwards underneath the floor of the fourth ven-

tricle, where they turn forming the knee and then pass forward rather

to the outer side of the nucleus and emerge from the pons close to its

junction with the medulla oblongata, in close j)roximity with the eighth

nerve. Within the bend or knee lies the nucleus of the sixth nerve.

The course of the facial nerve is a most important one for the neu-

ropathologist. It first lies upon the crus cerebelli, but almost imme-
diately, with the auditory nerve, enters the internal auditory meatus.

It follows all the bends of the aqueduct of Fallopius through the pe-

trous portion of the temporal bone. At its first and most acute bend
fknee iknee

Fig. 23.—Diagram of Origin of the Seventh Nerve. On the left the fibres are seen in profile. VI.,

Nucleus of sixth nerve ; VII., nucleus of seventh nerve. (Van Gehuchten.)

in this canal it forms the geniculate ganglion, at which point it is joined

by the several petrosal nerves which connect the facial nerve with

Meckel's ganglion, with the otic ganglion, and with the sympathetic

system. The nerve then runs in the internal wall of the tympanum
near the fenestra ovalis and emerges from the skull at the stylomastoid

foramen. It now passes at once through the substance of the parotid

gland near the external carotid artery and then divides into two main
branches, which subdivide into the numerous branches which supply

the facial muscles. The facial nerve supplies all the muscles of the

face as well as the orbicularis palpebrarum and the frontal portion of

the occipitofrontalis, the platysma, the buccinator, the posterior

belly of the digastric, and the stylohyoid muscle. By way of the

chorda tymj^ani it sends branches to the lingualis. It also sends

branches to the stapedius and the laxator and tensor tympani. It

also probably supplies the levator palati and azygos uvulse.

The important points to be remembered are as follows : Within
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Chorda tympa

the aqueduct it sends oflf the tympanic branch, which supplies the

stapedius and laxator tympani muscles, and the chorda tympani

nerve which leaves it about a quarter of an inch before its exit (Gray,

Van Gehuchten") . It is important to recall that the chorda tympani

is not purely a branch of the facial nerve, but convej^s sensory fibres

as well : it is probably in fact a
Internal nerve of Wr.sberg gustatory nerve for the anterior

portion of the tongue. The trunk

of the facial nerve within the

aqueduct lies in the internal

wall of the tympanum, and con-

sequently it may be affected by

destructive lesions of the middle

ear. These relations supply data

for the localization of the dis-

ease processes which affect the

trunk of the nerve. Sapolini be-

lieves that the chorda tympani

is simply a continuation of the

intermediary nerve of Wrisberg

;

that the trunk of this nerve be-

comes united to but not iden-

tified with the trunk of the facial,

and that the geniculate ganglion

in the aqueduct of Fallopius is

analogous to the ganglia which

exist on all the sensory roots of

the cerebrospinal system. His and Martin have found in this genicu-

late ganglion in human and cat embryos bipolar cells identical wdth

those that are found in the cerebrospinal ganglia of all embryos ; and

Retzius has described in this same ganglion in the adult cat, dog, and

man unipolar cells identical with those found in the cerebrospinal gan-

glia in all adult mammals (Van Gehuchten). According to this we
have a thirteenth cranial nerve which may be regarded as the sensory

mate of the seventh nerve.

The most common disease of the seventh nerve is neuritis at its

emergence from the stylomastoid foramen. This iuflammation may
not alwaA's be confined to the trunk after it leaves the skull, but in

some cases probably extends for some distance up into the aqueduct

of Fallopius. As, however, in the majority of these cases there is

no evidence of involvement of the chorda tympani (which, as we have

seen, leaves the trunk of the facial nerve only a quarter of an inch

within the aqueduct), it is not probable that the inflammation often

Fig. 23.—The Thirteenth Cranial Nerve of Sapolini.

(Van Gehuchten.

)
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extends in these simple cases of neuritis far into the bony canaL

The chief cause of this neuritis of the facial nerve is exposure to

cold. In many cases a direct history can be obtained from the

patients of such exposure. Thus, sitting in a draught when over-

heated, or sitting at an open window of a railway car or in an open
vehicle on a cold day, are among the common causes of the affec-

tion. Another less common cause is disease of the petrous portion

of the temporal bone. Such disease may be caused by suppurative

processes within the middle ear. The trunk of the facial nerve, as

will be recalled, lies in the wall of the tympanum separated by only

a thin layer of bone from the cavity of the middle ear. The carious

process may very readily break down this thin wall of bone. Thus
in a case of a man suffering from middle-ear disease local treat-

ment by an aural surgeon was followed in a short time by inflam-

mation and paralysis of the facial nerve. Such a case is peculiarly

liable to reflect unjustly uj)on the skill of the aurist. In any case of

chronic otitis such a mischance may occur without operative inter-

ference. It has even been claimed that inflammation may extend

to the trunk of the facial nerve from the middle ear without destruc-

tion of this thin lamina of the bone.

Syphilitic disease of the temporal bone or about the base of the

skull may also involve the seventh nerve.

Injury of various kinds may also cause a paralysis of the facial

nerve. Thus surgical operations on or about the parotid gland may
involve the trunk of the nerve. Blows upon the cheek in the neigh-

borhood of the nerve may cause facial paralysis. In obstetrical prac-

tice it is important to recall that pressure of the forceps has caused

such a paralysis in the child. Fracture of the base of the skull

may also involve the facial nerve, although such cases are rare.

Lesions of various kinds about the base of the brain may cause

paralysis of the facial nerve. Such especially are tumors, meningitis,

and hemorrhage.

Within the pons various small focal lesions may injure the nucleus

or the extensive intrapontine fibres of the seventh nerve. Thus a

small hemorrhage or neoplasm may paralyze this nerve. In case the

fibres of the facial nerve are involved near the knee the nucleus of the

sixth nerve may also be involved, thus giving a combined paralysis of

the sixth and seventh nerves. Paralysis of the seventh nerve has also

beon caused in disseminated sclerosis by a small islet of degenera-

tion, and in locomotor ataxia also the nerve has, although very rarely,

been involved.

Symptoms of paralysis of the facial nerve are quite characteristic.

When the nerve trunk is affected at any point so as to involve all its
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fibres, all the muscles supplied by the uerve will of course be im-

plicated. The most common location for the uerve to be involved is,

as already stated, at the stylomastoid foramen. Of course in such a

case only those muscles are involved which are supplied by fibres

included in this portion of the uerve. Thus all the muscles of the

face as well as the frontalis, orbicularis palpebrarum, and bucci-

nator will be paralyzed, but the muscles and parts supplied by branches

of the facial nerve within the aqueduct of Fallopius will escape. Thus
the fibres which sujDplj' the small muscles of the tympanum may not

be involved, and even the chorda tympani which branches off only a

quarter of an incli within the canal may possibly escape.

Fig. 24. —Paralysis of Left Seventh Nerve in a Case of Ear-disease. (Philadelphia Hospital.)

In ordinary facial paralysis caused by neuritis at the stylomastoid

foramen the side of the face supplied by the affected nerve is abso-

lutely immobile. This is so not only during all attempts at volitional

movement but also during the exi)ression of emotions. These are im-

portant points in the differentiation of a pure peripheral paralysis of

the facial nerve. The absoluteness of the paralysis to all modes of

expression is in marked contrast to what is seen in paralysis from a

deeper seated lesion, i.e., a lesion above the nucleus of the nerve in

the pons. When for instance the patient attempts to speak or to laugh

the muscles remain absolutely inert. As a consequence of the pa-

ralysis of all the facial muscles of one side the vmopposed muscles of

the other side draw the face towards the sound side. As a conse-

quence the nasolabial fold on the affected side is flattened or ob-

literated while on the sound side it is increased in depth and expres-
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siveness, Tlie corner of the mouth on the affected side falls so that

the mouth assumes a rather obli(iue instead of a transverse position.

When the patient attemi)ts to frown or smile the contrast between the

two sides is marked. He smiles or frowns on one side of his face

only, the muscles of the other side not partaking in the expression of

emotion. The frontal ijortion of the occipitofrontalis muscle on the

unaffected side is thrown into deep furrow by the attempt of the

patient to express emotions, while on the affected side it remains

smooth and toneless. As a consequence of the paralysis of the or-

bicularis palpebrarum the eye cannot be closed. When the patient

makes strong efforts to close his eyes the sound one is closed with

unusual vigor, while the one upon the affected side remains open and

the eyeball is rolled upwards so that the cornea disappears beneath

the upper lid. In consequence of this inability to close the lid tears

may flow imopposed from the eye and some irritation or even inflam-

mation of the conjunctiva may result from foreign bodies, such as

dust, etc., in the eye. The eye remains partly open during sleep.

The levator palpebrse is not involved in this paralysis, consequently

there is no drooping of the lid. Owing to the drooping of the corner

of the mouth the tongue when protruded seems to deviate towards the

paralyzed side, but this is apparent only. Whistling is difficult or

even impossible because of the paralysis of the lips. For this reason

also control over the orifice of the mouth is imperfect, so that in

drinking there may be some escape of the fluid from the paralyzed

side. Because of paralysis of the buccinator food may accumulate

between the cheek and the teeth or jaw. The jplatysma myoides is

paralyzed, as are also the muscles of the external ear, the stylohyoid,

and the posterior belly of the digastric ; but palsy of none of these

causes noticeable symptoms unless it be in the case of the platysma.

Although anatomy and physiology have taught in the past that

the levator palati is supplied by a branch from the facial nerve, yet

clinically we do not as a rule, if ever, see paralysis of the palate as a

symptom of paralysis of the seventh nerve. The branch which is

supposed to supply the palate leaves the facial nerve at the geniculate

ganglion, and it may be that in many cases of paralysis of the nerve

the lesion does not extend back thus far. A more probable explana-

tion, however, is that the levator is in reality supplied by the spinal

accessory nerve, i.e., by the accessory or medullary branch which

passes into the pneumogastric nerve.

In cases of paralysis of the facial nerve in which the lesion is above

or centrad to the origin of the chorda tympani and below the junc-

tion of the nerve of Wrisberg, taste is lost in the anterior part of the

tongue on ine paralyzed side. When the nerve is affected in its nu-
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cleus or in its root above the point of connection with the nerve of Wris-

berg taste is not affected; so also when the nerve is injured by blows

on the cheek or by a neuritis limited to the course of the nerve after it

leaves the aqueduct of Eallopius taste is not affected. In some cases,

however, of inflammation at or about the stylomastoid foramen the

chorda tympani may be involved by the extension of the inflamma-

tion a short distance within the Fallopian canal to the origin of this

branch. As a consequence involvement of the sense of taste in facial

paralysis is of considerable localizing importance. It shows that

the chorda tympani is involved anywhere from the point of union of

the intermediary nerve of Wrisberg with the seventh nerve up to the

point of branching of the chorda tympani. The anterior half only of

the tongue on the affected side is involved in this loss of taste.

In some cases of facial paralysis the stapedius muscle is paralyzed

and as a result there may be a slight tinnitus. As a rule, however,

hearing is not impaired in pure facial paralysis, and when dulness

of hearing does occur seemingly in connection with these cases it is

probably due to involvement of the middle ear in an inflammatory

process.

The paralysis caused by destructive lesions of the seventh nerve is

of the purely peripheral type. This is so in whatever part of its course

the nerve is involved, from its nucleus in the pons to its distribution

in the facial muscles. The paralysis, therefore, is not only complete

but of the flaccid type. The muscles lose their tone and their reflex

excitability. They degenerate, atrophy, and what is very characteris-

tic soon show the reactions of degeneration (see page 74) . These reac-

tions of degeneration in facial paralysis are usually very i)rompt to

appear, and as they are exhibited in such convenient groups of super-

ficial muscles they may be studied in these cases with great advantage.

The faradic contractility usually decreases rapidly and disappears in

the course of a few days. The changes to galvanism as a rule are

also prompt. First there is the initial increase in galvanic excita-

bility, then there are the gradual decrease and the qualitative changes.

Thus, the cathodal closure contraction decreases while the anodal

closure contraction equals or exceeds it. In extreme cases the catho-

dal opening contraction may be elicited. The modal change also oc-

curs. This consists, as already explained, in a change in the manner
or mode of reaction of the muscular tissue to the galvanic current.

Instead of the f)uick, sharp response of a normal muscle the response

is slow and sluggish, and there may even lie a continuation of the con-

traction while the current continues to flow. This latter is called

duration tetany

.

The reasons for the phenomena of degeneration and flaccid paraly-



DISEASES OF THE SEVENTH NERVE. 193

sis in all cases of destructive lesions of the seventh nerve in or below
its nucleus are not difficult to understand. As already explained in

the preceding part of this article, the nutrition and functional activity

of the axis cylinder and of the muscles which it supplies depend upon
the integrity of the cell body of the neuron. If any portion of an
axis cylinder is cut off from its nutritive centre, i.e., the cell body,

degeneration of the axis cylinder as well as paralysis and degenera-

tion of the muscles which it supplies will result. In the case of the

seventh nerve the cell body of the peripheral neuron is located in

the nucleus in the pons, hence any lesion in this nucleus or in the

course of the nerve fibres anywhere between this nucleus and their

distribution in the muscles will cause the phenomena of flaccid pa-

ralysis and degeneration. The only variation that will occur accord-

ing to the location of the lesion in paralysis of the seventh nerve

will depend upon what strands of the nerves are involved or what
contiguous structures are implicated. In all cases the type of a

flaccid paralysis with degeneration involving practically all the mus-
cles will remain. In case of nuclear lesion there may of course be

symptoms caused by destruction of other important pontine struc-

tures. Thus there may be hemiplegia due to involvement of the mo-
tor strands passing through the pons. There may be involvement of

the sixth nerve if the lesion is in the neighborhood of the knee of the

seventh nerve. In basilar lesions the sixth or the eighth nerve or

even the fifth may also be involved, while in lesions at various points

within the aqueduct of Fallopius the branches of the seventh nerve,

such as those which go to structures within the tympanum or the

chorda tympani, may be involved.

The distinction between a peripheral palsy of the seventh nerve

just described {i.e., the palsy due to any lesion of or below the nucleus

of the nerve in the pons) and a paralysis of the facial inuscles due
to a pure central lesion {i.e., a lesion above the nucleus anywhere
as far upwards as the motor cortex) will be easily understood from
the description just given. The first important point in the peri-

pheral lesion is that all the facial muscles, including the orbicu-

laris palpebrarum and the frontalis, are involved, while in central

lesions or lesions above the nucleus anywhere as far up as the motor

cortex only the lower half of the face is involved in the paralysis, the

orbicularis palpebrarum and the frontalis being especially conspicu-

ous by their exemption. A second point of distinction is that the

type of paralysis in a peripheral lesion, i.e., a lesion of or below the

nucleus, is flaccid and accompanied, for reasons already stated, "vsdth

the reactions of degeneration, while in central lesions {i.e., all lesions

above the nucleus) the type of paralysis is not flaccid. There is no
Vol. XL—13
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wasting or degeneration and tlie reactions of degeneration are never

seen.

It is important to bear in mind, however, tliat in many cases of

peripheral facial palsy tlie extreme type of reaction of degeneration

already described is not always seen. There may be only a partial

reaction of degeneration. In such cases the faradic contractility

may be merely diminished, while the serial changes do not present

a typical formula. These facts are due to the nerve in some instances

being the seat of only a mild grade of inflammation, or to some fibres

being more involved than others.

Although the facial nerve is purely motor, yet some symptoms of

pain at the point of exit of the nerve upon the cheek may be present

in the early stages. There may for instance be pain on pressure or a

sense of soreness about the face and cheek. In cases in which giddi-

ness is present this is probably due to an extension of the inflamma-

tory process to the tympanum, and is not due to involvement of the

facial nerve per se. Swelling of the cheek is very rare, and if present

is probably due to some infiltration of the tissues surrounding the

nerve trunk.

The course of facial paralysis varies with the cause. In even the

milder cases, however, the affection as a rule is not evanescent. In

all cases due to neuritis the onset of the disease is rather sudden.

In a few hours or a day at most the disease is firmly established.

This somewhat sudden appearance of facial or Bell's palsy is the

cause sometimes of much mental disquiet or even alarm to the pa-

tient. He is apt to think that the paralysis is a symptom of grave,

deep-seated lesion in the brain. Even mild cases may and usually

do persist for weeks. A guarded prognosis is always advisable in

every case, because at the onset it is impossible to foretell whether the

course of the disease will or will not be slow or even whether a per-

manent paralysis may result. Among the most important indications

for prognosis are the completeness of the paralj^sis and the early es-

tablishment of the reactions of degeneration. In any case, for in-

stance, in which all the muscles supplied by the facial nerve after its

exit from the stylomastoid foramen are paralyzed completel}^ and in

the course of a few hours or a day, and in which the faradic contrac-

tility is promptly abolished and the reactions of degeneration are early

secured, the probability is that the case will be a protracted one. The

prognosis on the whole is of course more favorable in a simple neuri-

tis due to exposure to cold than in those cases in which the paralysis

is due to a deep-seated destructive lesion such as caries in the tem-

poral bone. Still, cases of neuritis, es])ecially of the kind just referred

to, are sometimes exceedingly obstinate and may even be followed by
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permanent paralysis and contracture of the affected muscle. I Lave

known a simple uncomplicated case of Bell's palsy jjersist for three

or four months and then be followed by complete recovery. In

young persons I think the i)rognosis on the whole is rather more
favorable than in middle age and in the senile.

In cases in which paralysis of the facial nerve is due to carious

processes in the temporal bone (such, for instance, as are caused by

disease of the middle ear), the prognosis should be even more guarded

than in cases of simple neuritis. Such cases as a rule are obstinate

and rather more apt in my observation to lead to permanent loss of

power and deformity of the face. This can be readily understood

when it is reflected that the damage to the nerve in such cases

amounts truly to a trauma as well as to an inflammation. The nerve

trunk in such cases is injured and compressed by the crumbling

walls of its canal and is held firmly in a narrow sx:)ace. It is conse-

quently inflamed and compressed to a more injurious extent than oc-

curs on the exterior of the skull. Moreover, the disease process is a

much more actively virulent and infectious one than is that caused by

exposure to cold. Consequently it is not uncommon for the nerve to

be irrei:)arably damaged in these cases, and even when this is not so

the injury may be so great as to lead to a long and tedious course

before recovery is attained.

In cases in which paralysis of the seventh nerve is due to syphi-

litic meningitis at the base of the brain the prognosis, in spite of the

hoj^e held out by si)ecific treatment, should be guarded. In such

cases it is not uncommon for the eighth nerve to be involved with the

seventh, with consequent comjjlete deafness and other symptoms such

as severe headache and possibly even epileptic seizures. In one such

case seen bj^ me in the Philadelphia Hospital the woman had com-

plete i^aralysis of the seventh and eighth nerves with occasional

vertigo, vomiting, and epileptiform attacks, and i^ersistent headache.

She had a distinct history of syphilis, but the case was exceedingly

rebellious to specific medication and remained unchanged for many
mouths.

In all cases in which paralysis of the seventh nerve is caused by

organic disease about the base of the brain or in the pons, the progno-

sis is unfavorable. In such cases the seventh nerve shares the fate of

the other portions of the nervous system that are involved. In cases

of tumors no amelioration as a rule can be expected. Even when
some particular S3'mi:)tom remits or intermits nothing practically is

gained because the course is really progressive.

In cases of fracture of the skull or other injury involving the nerve

trunk, in its course either within or without the skull, the prognosis
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will naturally depend much, upon the severity and extent of the injury.

No rule can be laid down that will cover all such cases. As in the

case of neuritis, however, the general rule will hold good that the

sooner and more completely the paralysis of all the facial muscles is

established, and the more promj)tly typical reactions of degeneration

occur, the more unfavorable is the prognosis. These reactions of de-

generation, as already explained, indicate the degeneration of the axis

cjdinder, which is caused only by its comj)lete severance from its nu-

tritive centre, the cell body of the neuron. From what has been said,

it follows that the duration of facial palsy varies according to its cause.

In mild cases of Bell's palsy due to neuritis recover^' may occur in a

month or six weeks, although such cases in my observation are very

rare. In the more severe cases in which the reactions of degenera-

tion are complete the duration of the case may be so long as four or

six months. The same may be said of injuries to the facial nerve

in which degeneration is once complete.

In those who do not recover, the j^aralysis which is left may im-

prove to some slight extent. This improvement in some cases is

only apparent, and is due to the fact that slight secondary contrac-

tion occurs in the paralyzed muscles and tends to restore the sym-

metry of the face. In long-standing cases, in fact, this secondary

contraction maj- even draw the face slightly over towards the jjar-

alyzed side. In many of these hopeless cases the orbicularis i)alpe-

brarum seems to regain a little power so that the j)atient can partially

close and protect the eye. Some of this jjrotection is apj^arently

gained by the patient permitting the upper eyelid slightly to droop

and thus to shade the eye. Some of it is also no doubt due to the

slight secondary contraction of the paralyzed muscle.

Even in those who satisfactorily recover so that practically all

functions of the affected muscle are restored there may still remain for

a long while a slight paresis distinguishable by an expert observer.

The pathology of ordinary Bell's palsy is now well understood,

although it has been in the i)ast a topic of some controversy. In

acute neuritis the process is i)robably always confined to the main

nerve ti'unks composing the i^^^ anserinns, and from them extends

upwards to or into the Fallopian canal. Whether or no this inflam-

mation is ever a true peripheral neuritis— /. e. , an inflammation start-

ing in the peripheral nerve endings within the muscles and thence

spreading upwards with diminishing intensity towards the nerve centre

—is perhaps an open question. There seems to be no adequate rea-

son for denying that such a distinct peripheral neuritis might occur

in the seventh nerve just as it occurs in the nerves of the extremities.

We know for instance that this is a common tyi)e of inflammation in
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the nerves of the arms and legs in cases of alcoholic neuritis. But

alcoholic neuritis is very rare in the seventh nerve. In most cases of

multiple neuritis in topers the seventh nerve is not involved, while, on

the other hand, in the vast majority of cases of pure and simple Bell's

jjalsy the question of alcohol does not arise as an etiological factor.

Hence the cases of Bell's palsy are hardly analogous to the cases of

alcoholic multiple neuritis. In the former the action of alcohol is not

conspicuous, and in the latter paralysis of the seventh nerve is not

commonly seen. Therefore there is no reason to suppose that in the

great majority of cases of Bell's palsy the inflammation is truly per-

ipheral in seat. It is more probably, as already said, an inflamma-

tion of the main trunk of the nerve with its main branches. This in-

flammation is a diffused interstitial inflammation, such as has already

been described in a previous section (see page 51)

.

The inflammatory process probably extends in most cases some

distance into the Fallopian canal, but there is no reason for the dog-

matic assertion that it always extends as far as the geniculate gan-

glion. On the contrary, in many cases it probably does not extend

even as high as the point where the chorda tympani leaves the main

body of the nerve. This is proved by the fact that in many cases of

Bell's palsy there is no paralysis of the sense of taste.

In cases due to caries of the petrous portion of the temporal bone

the inflammation of the nerve is probably of a higher grade of inten-

sity and more destructive than in the cases due to cold.

In cases accompanying syphilitic meningitis the nerve trunk is

probably the seat of true syphilitic or gummatous infiltration. In

destructive lesions such as tumor the process in the nerve is probably

one of compression and consequent destruction of the axis cylinders.

The treatment of Bell's palsy should be prompt and thorough.

It should be begun with a blister as large as a silver dollar applied

over the point of exit of the nerve. In the case of a man the beard

of course should be shaved over a sufficient area to admit of this

blister, but when the beard is habitually worn it is doubtful whether

the cheek should be entirely and cleanly shaven; the protection

which the beard affords in such cases is probably beneficial and the

patient need not be exposed to any slight risk that arises from shav-

ing it off. After the blister has drawn, warm fomentations should be

applied, and it is well in beardless individuals especially that the face

should be protected for a period of several weeks by some covering

so as to avoid any further injurious effects of exposure to cold. I

believe that these cases are sufficiently important to demand com-

plete rest and seclusion in the house for a week or more, and such a

course of treatment will probably tend to shorten the duration of
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tlie disease. Internal medication is probably of little avail in these

cases. Two di'ugs especial (salicylate of sodium and iodide of

potassium) are almost universally recommended, but I liave not been

able to assure myself that they are of much benefit. If used, the

salicylate of sodium should be given in full doses, as much as ten or

fifteen grains being given three or four times a day. The iodide of

potassium, in doses of five or ten grains three times a day, may be

given during the continuance of the paralysis or until the symptoms

of iodism appear.

The best remedy for inflammation of the seventh nerve is un-

doubtedly electricity. This, however, should be applied with cau-

tion at first. In fact during the very early stages of the case, i.e., dur-

ing the first week or two, electricity had probably better not be used.

The choice of the current depends very much upon the severity of the

symptoms. In cases in Avhich the faradic contractility is early abol-

ished it is quite useless to apply the faradic current. In mild cases,

however, in which the muscles still respond to it, the faradic current

may be used in a mild strength. In severe cases, in which the reac-

tions of degeneration are fully established, treatment should be com-

menced at once with the galvanic current. This should be used by

applying one small sponge electrode over the affected muscle while a

large flat sponge electrode is held on the back of the neck or on the

sternum. The muscles should be gently stroked, sufiicient strength

being gradually turned on to cause an active but not too violent con-

traction. This treatment may be applied for about ten minutes

daily. If too strong currents are used it is possible that injury may
be done, and in long-standing cases that even secondary or permanent

contraction of the muscles might be hastened.

In obstinate cases gentle massage of the affected muscle ma.y be

used. Dana recommends, in cases in which the corner of the mouth

tends to droop and the unopposed muscles of the sound side are un-

duly vigorous, that the corner of the mouth should be drawn up by

means of a bent hook which is fastened behind the ear. The object

of this is to take off the strain and restore tone to the paralyzed

muscles.

In cases in which irritation or inflammation of the conjunctiva re-

sults, care should be taken to cleanse this with antiseptic solutions

and to protect the eye with a shade.

In cases in which recovery is slow hypodermic injections of

strychnine may be used in the affected muscles, but very great care

should ])e observed that the syringe is tlioroughly aseptic so that no

septic abscesses or i)oints of induration are caused.
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Diseases of the Eighth Nerve.

Tlie eiglith or acoustic nerve is tlie nerve of hearing. As it is

exclusively a sensitive nerve we should expect to find that it has its

real origin outside of the cerebrospinal axis, according to the plan

of the nervous system already described. The eighth nerve is

divided into two main branches or rather is composed from two main

stems, viz., the vestibular and the cochlear nerves. These two unite

in the bottom of the auditory meatus to form the main trunk of the

auditory nerve, which then passes up and into the central nervous

system. I speak of the auditory nerve as passing into the nervous

system instead of out of it, since it has its true origin outside of

the cerebrospinal axis.

According to Yan Gehuchten there is found upon each of the two

Spiral ganglion

Fig. 25.—Diagram Showing the Origin and Termination of the Fibres of the Acoustic Nerve.

(Van Gehuchten.)

main stems or branches of the auditory nerve a mass of nerve cells

which constitutes a ganglion. The cochlear branch presents at the

base of the spiral lamina a ganglion called the spiral ganglion or the

ganglion of Corti. The ganglion of the vestibular branch of the

acoustic nerve is situated at the bottom of the internal auditory

meatus. It is known as the vestibular ganglion or ganglion of

Scarpa. The researches of Eetzius, Van Gehuchten, Cajal, and
Lenhossek have demonstrated that these ganglia are composed of bi-

jiolar cells and that the x)eripheral prolongations of these cells (den-

drons) terminate hj free ramifications ; that the ramifications of the

cells of the spiral ganglion are distributed to the epithelium of the

organ of Corti, and of the ganglion of Scarpa to the epithelial cells

of the maculae acusticse in the labyrinth. The prolongations brain-

ward of these bipolar cells are the true axis cylinders and form the

trunk proper of the acoustic nerve. When the nerve reaches the
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metencepiialon it divides into two branches, called anatomically roots.

The external or cochlear root passes to the lateral tubercle and its

fibres enter the accessory nucleus, terminating in the gray substance.

The internal or vestibular root enters between the inferior cerebel-

lar peduncle and the descending root of the fifth nerve. Its fibres

enter the nucleus of Deiters, some ultimately reaching the cere-

bellum.

The diseases of the eighth nerve may be divided into those that

are caused by the abolition of function and those that depend upon

irritation.

The abolition of the function of the eighth nerve may depend upon

a variety of causes. Some of these causes act upon the nerve proper

and some upon its accessory or peripheral organ. Among the most

common causes of complete nerve deafness is meningitis at the base

of the brain, causing inflammation and compression of the nerve

trunk. Syphilis may cause such a meningitis. In such a case other

nerves, especially the seventh, may be involved and the patient may
present other symptoms of brain syphilis. In one j)atient (already

referred to in this article) complete paralysis of both the seventh and

eighth nerves coexisted with intense headache, vomiting, and a few

epileptic attacks. The patient had a history of syphilis and the

lesion was probably a syphilitic meningitis about the roots of the

seventh and eighth nerves. Tumors at the base of the brain and in

the cerebellum, pons, and medulla oblongata may cause complete

abolition of the function of the auditory nerve. According to Mills

and Lloyd '" diminution or loss of hearing, as well as tinnitus

and hypersesthesia of hearing, is occasionally observed. These

symptoms are most likely to be manifested by tumors of the base of

the brain or of the cerebellum, in such a position as to involve the

auditory nerve or auditory tracts. According to these authors tin-

nitus, with complete or partial deafness, accompanied with facial

paralysis, with or without paresis of the limbs of the opposite side,

indicates clearly a tumor of the base of the brain so situated as to in-

volve the superficial origin or intracranial course of these nerves.

This statement, however, needs to be modified to the extent at least

that such symptoms may be produced, as already said, by basilar

meningitis.

Cerebrospinal meningitis may cause deafness by pressure or in-

volvement of the auditory nerve. In those who recover from this

disease the deafness is sometimes permanent. According to Stille,*'
'^

vertigo, as originally described by Miner in 1823, may occur from

the very commencement of the attack. In some epidemics, as that of

Strasburg, this vertigo is so great as to interfere with walking and
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to produce forced or whirliiig movements. In all such instances the

auditory symj^toms are no doubt caused by inflammation or pres-

sure upon the delicate structure of the auditory nerve. According to

Striimpell purulent inflammation of the auditory nerve in cerebro-

spinal meningitis may be propagated as far as the labyrinth or

even into the middle ear. Auditory symptoms, especially deafness,

often occur during this fever, and according to Burnett " the deafness

is very frequently permanent. In cases of very young children this

may not be discovered until convalescence. This deafness is often

profound and in both ears. A peculiar affection of the gait, the so-

called sailors' gait, may result. Burnett thinks that the lesion is a

neuritis descendens, i.e., a slow encroachment of the inflammation

upon the labyrinth along the auditory nerve. Moos, quoted by

Burnett, found that in sixty-four cases of deafness following cerebro-

spinal meningitis fifty per cent, had disturbance of equilibration and

hearing; fifty-nine per cent, were totally deaf in both ears and

hence became deaf-mutes; thirty-one and a half per cent, were

totally deaf, but retained speech, while only one and a half per cent,

recovered. Moos found that those patients who retained the sense of

hearing for high notes, even when there was absolute deafness for low

notes, had a better prognosis for retaining hearing for spoken words.

It is thus seen that involvement of the auditory nerve in cerebro-

spinal meningitis is a most grave affection and that permanent deaf-

ness is a not infrequent result. The prognosis is especially un-

favorable if absolute deafness persists for more than three months.

The poison of mumj)s sometimes causes deafness. Burnett thinks

that this occurs by true metastasis, that the labyrinth and the nerve

structures of the inner ear are involved in inflammation. The early

symptoms are tinnitus, vertigo, and deafness, but the tinnitus and

vertigo may disappear, leaving only the deafness. Disturbances of

equilibration may or may not occur, and the symptoms may not

develop until after the other metastatic processes have subsided.

Vomiting and nausea, as well as alteration in gait, suggest the laby-

rinthine seat of this affection. Pain also may be a symptom. In-

stead of inflammation the lesion may be a serous exudation into tlie

labyrinth. Deafness fortunately is a rare sequel of mumps.

Other causes of deafness, acting upon the internal ear, are ihe

excessive use of quinine and salicylic acid, injuries, hemorrhage,

syphilitic disease, and, in rare instances, neoplasms. Permanent

deafness is not infrequently caused in persons who are constantly

exposed to loud noises, as, for instance, boiler-makers and locomotive

engineers. This influence, however, is probably somewhat exag-

gerated. In an inquiry which I formerly made in the Southwark
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Macliine Works in Pliilaclelpliia it appeared tliat deafness was not a

very common symjjtom in tlie boiler-makers in that establishment.

Finallj^ a primary atrophy of the auditory nerve, just as of the optic

nerve, occurs very rarely in locomotor ataxia. I have seen it in one

instance only. In this patient, a man aged about fifty, with well-

marked locomotor ataxia, extreme deafness was present and was evi-

dently due to an involvement of the nerve.

The chief symptom of complete abolition of the function of the

eighth nerve is deafness, but this may be accompanied at some stage

with tinnitus and vertigo. These symptoms of irritation may ajDpear

early in the course of the affection and may lessen or even disappear

as the function of the nerve is entirely abolished. In some cases,

however, tinnitus may be a persistent symptom, but it probably

always indicates that the function of the nerve is not entirely abol-

ished. In some diseases deafness comes on rather suddenly. This

is characteristic of syphilitic disease of the internal ear (Dana").

In cases in which the nerve is involved in a basilar meningitis other

nerves also, as already explained, may be implicated. Thus the sev-

enth nerve may be involved and numerous other symptoms, such

as headache and even hemiplegia due to the wide spread of the infec-

tious process, may be observed. In cases in which the function of

the nerve is entirely abolished bone conduction is lost ; thus a tun-

ing fork held upon the bones of the skull is not heard through the

affected nerve. In such cases aerial conduction is also lost, al-

though some authors state that it may be partially preserved. In

case it is j^reserved, however, the function of the nerve certainly can-

not be entirely abolished.

Diseases of the auditory nerve or of its end organ, the ear, that

cause symptoms of irritation are well recognized. As a rule diseases

of the auditory nuclei within the pons do not cause tinnitus, but all

irritative lesions of the nerve trunk or of the internal ear may cause

both tinnitus and vertigo. Thus meningitis, such as has already been

described as a cause of deafness, may cause also symptoms of irrita-

tion. Blows and other injuries to the head, tumors about the base

of the brain, sunstroke, chronic alcoholism, and excessive use of

tobacco may cause these symptoms. The arterial degeneration of ad-

vanced life sometimes causes giddiness and ringing in the ears, but

the exact mechanism of the symptoms under these circumstances is

not jjlain. The most common cause of combined deafness, tinnitus,

and vertigo is organic disease of the internal ear, especially of the

labyrinth. Such diseases are inflammation and degeneration, extend-

ing especially from tlie middle ear, and in some instances probably

minute hemorrhages. In all such* instances of involvement of the in-
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ternal ear the structure of the auditory nerve is probably ultimately

affected. Degeneration and consequent abolition or perversion of

function result.

The symptoms of irritative lesions of the inner ear and of the

auditory nerve are tinnitus, vertigo, and various degrees of deafness.

The tinnitus of ear disease assumes a great variety of forms. In

the majority of cases it is a sighing or whistling sound or the sound

of escai)ing steam. These sounds vary in pitch and intensity accord-

ing to circumstances. They even vary in individual cases, sometimes

being much louder and more disturbing than at others. These vari-

ations probably depend upon variations in general health or in the

intensity of the disease process or even in some cases upon atmos-

pheric conditions. Sometimes the tinnitus is of a louder, rumbling

character. There may be paroxysms of great intensity, during

which loud throbbing or roaring sounds are heard. These some-

times usher in attacks of vertigo or a period of increased deafness.

In some cases the tinnitus is of a throbbing or beating character, and
may even be synchronous with the heart beats ; but this is not always

an indication that the tinnitus is dependent, as some claim, upon a

lesion of the vascular system, such as aneurysm. It is more probably

due to implication of the small blood-vessels or capillaries in the

disease process within the internal ear. Alterations in the blood

states, such as ansemia or plethora, may be factors in causing this

symptom. Tinnitus as a rule is a simple, not an elaborate sound;

in other words, it does not assume distinct forms such as tunes or

words. In cases in which these occur there is reason to suppose

that the affection depends upon some brain lesion, especially in the

cortex. Exceptions to this rule seem to occur in cases in which pa-

tients mistake the tinnitus for more elaborate sounds. Thus in fall-

ing asleep patients with tinnitus occasionally imagine they hear dis-

tant music or the voices of persons talking. In the insane it is even

possible that tinnitus may be the starting-point of auditory hallu-

cinations. Persons who are- perfectly sane, however, and even in

their waking moments, may occasionally mistake tinnitus for the

sound of voices or other external objects.

The location of the morbid sound varies soijiewhat. In the great

majority of cases it is in the ear. In some, however, it is located in

other parts of the head ; thus it may be deep seated as though it were

far within the recesses of the brain. In some it is even in the occi-

put or in the vertex. It may be in one or both ears, according as

these are or are not both involved, or it may be much louder in one •

ear than in the other.

The intensity of the tinnitus may vary according to external cir-
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cumstances. Thus in noisy places it may be quite imperceptible.

It is usually worse in tlie stillness of tlie night, and then may become

so accentuated as seriously to interfere with the patient's repose.

The explanation for these facts is jjrobably to be found not in the

variation in intensity of the tinnitus itself, but only in the variation in

external noises. When these latter are great the sound of the tinnitus

is drowned or obscured ; but when they are absent entirely the tinnitus

is perceived with increased intensitj^, simply because the attention is

not distracted from it.

Tinnitus is always a disturbing and in some cases a very serious

symptom. It may even be so great as entirely to dominate the pa-

tient's mental life. It distracts the attention, harasses the patience,

and destroys the capacity of the sufferer for the enjoyment of life.

It is thus apt to cause profound neurasthenic, hyi^ochondriacal, or

even melancholy states. The patient falls into a condition of self-

absorption, irritability, or mental depression, and the general health

may even suffer seriously.

Vertigo is another symptom of disease of the auditory nerve or

perhaps, more properly speaking, of the internal ear, especially the

labyrinth. It is usually a paroxysmal or intermitting symptom and

is always as a rule associated with tinnitus or deafness or both. It

is considered by aurists as primarilj' due to an involvement of the

labyrinth, hence its name, labyrinthine vertigo. It is caused espe-

cially by diseases that directly affect the labyrinth, such as conges-

tion, inflammation, and hemorrhage, or by those that indirectly affect

it, such as otitis media, thickening of the ear drum with ankylosis of

the ossicles, obstruction of the Eustachian tube ; or by pressure on

the ear drum by wax or any foreign body in the external ear. Vertigo

varies greatly in frequency and intensity as a symptom of ear disease.

It is by no means necessarily commensurate with the intensity of

either the tinnitus or the deafness. In some cases of persistent tinni-

tus and of progressive deafness from disease of the middle ear vertigo

occurs only at very long intei-vals, in fact a i^atient may have not

more than four or five attacks in as many years. These isolated

attacks, however, may be of great severity, although of short duration.

In other cases, vertigo is much more common. It may occur at inter-

vals of a few days, and the patient may be conscious of a slight ten-

dency to it during tlie periods of comparative freedom. In some of

these cases too the individual attack may be of long duration, forcing

the patient to keep in a supine position. In cases in which the vertigo

•is paroxysmal, each attack may be ushered in by prodromal symp-

toms. These are usually alterations in the character and intensity of

the tinnitus. Thus a patient with a mild grade of tinnitus of a sigh-
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ing or whistling character may suddenly have loud rumbling noises

in the ear. These are quite alarming, esijecially as the patient soon

comes to know their import. They last for but a few moments as a

rule, and as they subside the vertigo comes on. These paroxysms of

vertigo sometimes come without apparent exciting cause. At other

times, however, a distinct cause for them may exist. Sudden changes

in attitude, for example, especially suddenly raising or lowering the

head, may cause an onset of severe vertigo with the prodromal symp-

toms just described. Thus a gentleman with slight tinnitus and

progressive deafness, worse in one ear than the other, experienced a

paroxysm of most intense and alarming vertigo on suddenly raising

his head after stooping to pick up an object on the floor ; this was

ushered in by loud rumbling sounds, which abated before the

vertiginous symptom appeared. The paroxysm, which was confined

to the better ear, seemed to usher in a somewhat rapid increase of

deafness in that ear.

The vertiginous sensation is variously described. It is commonly

said to consist of a feeling as of surrounding objects whirling around,

or of the patient's body being whirled around, or of both. This is

the usual mode of description, although the truth is aural vertigo is

literally neither one nor the other of these. It is in fact a sensation

sui generis and is not precisely like an ordinary attack of giddiness

such as may be artificially induced by whirling the body around

many times. It is a distressing affection of the organ or sense of

equilibration quite impossible to be described by one who has not

felt it. During its continuance the patient is usually quite helpless

;

he clutches for support some neighboring object, or holds his head in

his hands. As a rule he at first keeps the head erect, although later,

if the symptom persists, he may seek to lie down. He experiences

great alarm and usually cries out and asks for aid. In very severe

cases the patient reels and may even fall violently to tlie ground.

This, however, is not in the nature of a forced movement, but due en-

tirely to the loss of power of equilibration. Muscular spasms or fits

do not occur in these attacks of vertigo. The movements made by

the patient are either wildly voluntary in an endeavor to save or sup-

port himself or they are the results of weakness and incoordination

due to the loss of equilibrium. In very severe cases the duration of

the paroxysm, even though short, seeips unending to the sufferer. It

leaves an impression on the mind for a long while of dejection and oi

apprehension of a recurrence of similar attacks.

Accompanying the vertigo there is usually pallor of the face and

some sweating ; the eyes have a startled and staring expression at first

with perhaps slight oscillatory movements, but later the patient closes
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tliem as tliougli to shut out the sight of surrounding objects. Ac-

companying or following the attack nausea and vomiting may appear,

although this is by no means constant. In paroxysms of great sever-

ity there may be no nausea whatever.

The patient does not lose consciousness in aural vertigo. He may
be in part oblivious to his surroundings and even to the inquiries of

friends, but this is due entirely to the distress which he is suffering

and of which he is perfectly conscious. As the attack passes off the

patient's color returns and the tinnitus, from which he is usually a

chronic sufferer, resumes its customary note. A slight increase in

deafness may be noted for a few days, perhaps may even be perma-

nent. This deafness may be more marked to some musical notes

than to others. In some cases the vertiginous symptom does not

promptly abate; although the paroxysm in its great intensity passes

b3% there may persist for some days a slight giddy sensation. This

may be so great in some few instances that the patient is obliged to

keep his bed, any attempt to assume a sitting or standing position

increasing the vertigo.

The prognosis of aural vertigo varies according to circumstances.

Even in cases of progressive deafness and persistent tinnitus the

vertigo, as already said, may be a rare and infrequent symptom.

I have known of a case in which an interval of more than four years

has i)assed after a very severe paroxysm without the recurrence of

another. There seems to be no rule that applies to these cases. The
non-recurrence of the vertigo is by no means a sign that the tinni-

tus and deafness will not continue. In cases, however, in which the

vertigo is a frequent symptom the prognosis so far as hearing is con-

cerned is poor. Such cases usually progress to a stage of great

deafness. In cases in which the labyrinth is only secondarily in-

volved, as for instance in middle-ear disease and in cases of impacted

cerumen in the external ear, removal or amelioration of the cause

may greatly benefit this symptom.

The diagnosis of aural vertigo must be made specially from vertigo

caused by affections of the eye, the brain, the stomach, and in certain

general states, as, for instance, gout, neurasthenia, plethora, and pos-

sibly anaemia. The distinction is best made by the absence or pres-

ence of associated symptoms. Aural vertigo is inevitably associated

sooner or later with tinnitus and deafness. These do not occur as a

rule in any other condition, except in the vertigo due to organic

disease of the brain, especially when this involves the auditory

nerve or its associated tracts in the brain. The vertigo of ocular

defects is usually caused by insufficiency of the internal recti muscles.

This is commonly met with in myopia (Mackenzie). In gastric
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vertigo tliere is usually some clironic gastric disorder or even organic

disease. There may be pain or a sense of uneasiness after eating,

especially if the diet has been inappropriate. Heartburn, eructa-

tions, and a sense of distention in the stomach and chest are usually

experienced. In the vertigo of gout or of neurasthenia, ansemia, etc.,

the diagnosis is readily made from the associated symptoms. In all

these conditions anything that tends to aggravate the general consti-

tutional state may cause slight vertiginous attacks. These may be

accompanied even with slight buzzing in the ear, but persistent tin-

nitus and deafness are unknown. Excessive use of tobacco, alcohol,

tea, or coffee, may possibly tend to cause this symptom in such

patients. So also will the vitiated atmosphere of crowded rooms.

In the vertigo of organic brain disease other symptoms, such as head-

ache, i)aralysis, convulsions, and affections of the mental faculties

will usually clear up the diagnosis. Vertigo is an occasional symj)-

tom of epilepsy, but in this disease it is usually associated with loss

of consciousness and convulsions.

The third and last prominent symptom of irritative and destructive

lesions of the auditory nerve or its end organ is deafness. This is

usually progressive. In very rare instances only does it occur sud-

denly. Thus in injuries to or hemorrhage in the internal ear deafness

may be a sudden symptom, but in the great majority of instances it

comes on gradually. Its approach in fact is sometimes so insidious

that the patient may for a long time not observe it. He may even

have some vertiginous attacks which he is apt to attribute to some

disorder of digestion, and he may experience a slight tinnitus to

which at first he attaches no importance. As these symptoms of

irritation proceed, however, he becomes conscious finally of impair-

ment of his hearing, usually at first only in one ear. The deafness in

all these cases is probably coincident with the onset of the tinnitus,

and the vertigo may be a signal symptom of danger, the true signifi-

cance of which is not recognized. It is not probable in any case of

a beginning irritative lesion of the ear or the auditory nerve that

there is any initial hyperacuity of hearing. The deafness is the re-

sult of increasing impairment of the conducting power either of the

nerve or of its end organ, the irritative symptoms proper being the

tinnitus and vertigo.

Deafness varies in its characteristics in different persons and in

the same person at different times. As a rule hearing for low notes

is abolished first. High and clear notes are often readily recognized

by persons comparatively quite deaf. It is not the loudness of the

note so much as its character that is essential for hearing.

In long-standing cases in which the affection is limited at first to
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the middle and internal ear the conducting power of the nerve itseK

usually becomes impaired. This may be due merely to disuse, but

is more probably a symptom of a true degenerative process in the

nerve fibres.

The three symptoms already described, i.e., vertigo, tinnitus, and

deafness, constitute, when combined, what is known as Meniere's

disease. This was first described by this observer in 1861. Its es-

sential, as it was described by Meniere, is supposed to be an affection

of the labyrinth, although in most of these cases other regions of the

internal ear, as the semicircular canals and cochlea, are probably in-

volved, as is made evident by the associated tinnitus and deafness.

It is doubtful, in fact, whether Meniere's disease can be properly

looked on as a distinct morbid entity. Diseases of the middle and
internal ear exist in all grades of severity, and these various sj^mp-

toms, tinnitus, vertigo, and deafness, vary according to the extent of

the disease and the exact structures involved. The term " Meniere's

disease" seems to be restricted by otologists to that severe grade

of aural disease in which these three symptoms are more or less

constantly associated, and in which especially the vertigo assumes

a paroxysmal and inveterate tyjDe. Cases of increasing deafness

with tinnitus are very commonly observed in which vertigo is never

seen or is at most but rarely experienced. In such cases we may
sujjpose that the labjainth is not seriously involved, and by common
consent these cases are not included under the term, Meniere's

disease.

The treatment of Meniere's disease and allied affections of the

middle and internal ear is largely relegated to the aural surgeon.

During the paroxysm of vertigo little if any treatment as a rule is

required. The attack, even when most severe, is often of short dur-

ation and passes off without treatment. In those cases, however, in

which the vertigo persists, the patient should be kept strictly in a

recumbent position. He sometimes assumes by preference a position

on his side or face rather than on the back, or he may even in rare

cases prefer to sit up holding his head in his hands. No arbiti'ary

rule governing his position is perhaps needed or desirable. Bromide
of potassium in large doses, twenty to thirty grains, should be ad-

ministered. Charcot recommended heroic doses of quinine, as much
as ten grains, three times a day. This drug in such doses seems to

be given on the theory that it deadens the sensibility of the auditor^'-

nerve, and that in grave or hopeless cases its destructive action on
the nerve, leading to permanent abolition of function, i.e., perma-
nent deafness, might be preferrable to a continuation of the in-

tolerable vertigo. Gelsemium and salicylate of sodium have been
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recommended, but their action cannot be relied upon. Counter-irrita-

tion over the mastoid region, such as by a blister or even by the actual

cautery, have, according to Mackenzie, proved serviceable. Recently

Burnett and others have recommended excision of one or other of the

ossicles of the ear in the hope of relieving tinnitus and vertigo, but

the utility of this operation seems still to be a subject of discussion.

In many cases of middle-ear disease proper treatment of the throat

and posterior nasal chamber and of the internal ear is useful. Mas-
sage of the ear drum, when this is sclerosed and retracted, and whenj

as is probably frequently the case, the small bones of the middle ear

are sclerosed, is a useful procedure. Strawbridge, of Philadelphia,

has devised a small electrical engine for this purpose. It acts by

causing rapid vibration of the ear drum.

In diseases of the auditory nerve proper, such as those caused by
meningitis or organic disease at the base of the brain, little can be

done by way of medication. In syphilitic cases, however, the patient

should be given the benefit of full and persistent antisyphilitic treat-

ment. This is best attained by heroic doses of the iodide of po-

tassium, and in recent cases by the hypodermic use of some appro-

]3riate mercurial preparation. It may be proper to state here that

in all cases of recent syphilitic affections of the nervous system

a promjjt action of mercurials is probably much better obtained by
the hypodermic use of mercury than by any other method. At
the recent Congress of French Dermatologists and Syphilographers

at Lyons it was claimed that when mercury is given in pill form the

metal in some cases could not be detected in the urine at all. When
given by inunction it did not appear in the urine for a week or ten

days, but when given hypodermically it could be found sometimes

within twenty-four hours. These facts seem to prove that the mer-

curial salt is much more rapidly absorbed and hence exerts its

influence much more forcibly when thrown at once into the circula-

tion by being injected under the skin. The reason for this prob-

ably depends upon the well-known fact that syphilis acts upon the

nervous system by way of the coats of the blood-vessels and the

capillaries. Hence when introduced directly into the circulation it

exerts all its power directly, promptly, and energetically upon the

primary seat of the lesion.

Vol. XL—14



210 LLOYD—CEKEBEOSPINAL AND SYMPATHETIC NERVES.

Diseases of the Ninth Nerve.

The nintli or glossopliaryngeal nerve is the sensori-motor nerve of

the base of the tongue and of the pharynx. The motor fibres of this

nerve arise from large cells in the superior i)ortion of the nucleus

ambiguus in the medulla oblongata. Its nucleus of origin is close

to that of the pneumogastric nerve. The superficial origin of the

glossopharyngeal nerve is immediately behind the olivary body, in

close relationship with the trunk of the tenth or pneumogastric nerve.

Soon after leaving the medulla the nerve presents two small ganglia,

the superior and i^etrous ganglia. As in the case of all sensory nerves,

the peripheral sensory neurons of the glossopharyngeal nerve have

their cells of origin outside of the cerebrospinal axis, and these cells

are located especially in this petrous ganglion, which corresponds

exactly to the ganglia on the posterior roots of the si)inal nerves. Ac-

cording to Van Gehuchten, these ganglia have the same structure as

those of the spinal nerves. They are formed of unipolar cells, the

single branch of which soon bifurcates and gives origin to a peripheral

and a central branch. The perii)lieral branch terminates in the mu-

cous membrane of the pharynx and tongue. The central branch

becomes the axis cylinder, jjenetrating into the medulla at the upper

part of its posterior surface, and like all sensory neurons divides into

an ascending and a descending branch. The descending branch enters

the solitary fasciculus or descending root of this nerve, and can be

traced for some distance into the middle of the bulb, where it termi-

nates by collateral and terminal ramifications in the neighboring gray

matter. The ascending branch is shorter; it constitutes rather a

horizontal branch and terminates directly in the upper part of a

nucleus of gray matter beneath the floor of the fourth ventricle, which

Van Gehuchten describes as the trigone of the glossopharyngeal and

vagus nerves. This mass of course does not constitute a nucleus of

origin, but a terminal nucleus for the sensitive fibres of these two

nerves.

The superficial origin of the ninth nerve is by five or six roots

arising from the sulcus between the inferior cerebellar peduncle and

the olive, just above the superficial origin of the strands of the vagus.

The filaments of origin of the ninth nerve soon unite in one trunk.

This pierces the dura mater, from which it receives a sheath. Some
of its posterior filaments present two ganglia, named respectively, as

already said, the petrous, and the jugular or superior ganglia. The
nerve leaves the skull l)y the jugular foramen in close proximity to

the pneumogastric and spinal accessory nerve. After its exit from
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the skull it is in close i)roximity to the jugular vein and the internal

carotid artery . It passes close along the border of the stylojiharyn-

geus muscle. It is finally distributed to the mucous membrane of

the fauces, the base of the tongue, and the posterior jjart of the

mouth and the tonsils. The glossoi)haryngeal nerve has communi-
cating branches by way of the petrous ganglion, with, first, the pneu-

mogastric, second, the superior cervical ganglion of the sympathetic,

and third, the facial nerve just as it emerges from the stylomas-

toid foramen. The i)etrous ganglion also sends a branch, which
gives sensibility to the internal wall of the middle ear. This is called

the tympanic nerve or nerve of Jacobson. This nerve passes by a

minute canal—the tympanic canal—into the cavity of the tympanum,
where it is distributed to the mucous membrane of the tympanum and
the Eustachian canal. The other collateral branches of the glosso-

pharyngeal nerve are the pharyngeal to the lateral wall of the

pharynx, the stylojiharyngeal which innervates the muscle of the

same name, and the tonsillary branches distributed to the mucous
membrane of the tonsils and of the pillars and vault of the -psAate.

The terminal branches of the glossopharyngeal nerve are distrib-

uted especially to the mucous membrane of the posterior third of the

dorsum of the tongue and to the neighborhood of the epiglottis. The
lingual branches of the nerve give to the mucous membrane of the

posterior surface of the tongue its general sensibility, and also sup-

ply filaments of special sensibility for the sense of taste.

According to Van Gehuchten, the observations of Fusari and Pa-

nasci have seemed to demonstrate that the gustatory fibres of the

glossopharyngeal nerve have their cells of origin in the mucous
membrane of the tongue itself. These authors have described the

presence in the taste bulbs of bipolar cells identical with those in the

olfactory mucous membrane of the nose. The peripheral branches

of these cells terminate freely upon the surface of the mucous mem-
brane, while the central branch becomes a fibre of the nerve itself.

Van Gehuchten himself, however, as well as Eetzius, Lenhossek,

and others, whom he quotes, has not been able to demonstrate the

presence of these cells in the taste bulbs. He therefore holds to the

view that the gustatory fibres of the glossopharyngeal nerve have
their cells of origin in the two ganglia called the superior and petrous

ganglia, already described, on the trunk of the nerve in the neighbor-

hood of the jugular foramen. It is interesting to note, however, that

the claim of Fusari and Panasci (that the cells of origin of the fibres

of taste are situated in the mucous membrane of the tongue) makes the

fibres strictly analogous to the fibres of the olfactory nerve ; and that

in this respect they seem to occupy a position analogous to the per-
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iplieral sensory neurons in the earthworm whicli Lenhossek has

demonstrated in the epithelium of the skin.

The functions of the glossopharj-ngeal nerve are largely sensory.

It supplies the posterior part of the tongue, the regions of the palate

and tonsils, and the pharynx with common sensation. It also aj)-

pears to supply the posterior part of the tongue with the special sense

of taste. It has also some motor fibres which supply the glosso-

pharyngeal muscle. Its precise functions, both sensory and motor,

are still the subject of considerable discussion among anatomists and

physiologists. That the nerve contains motor fibres seems indubita-

ble from the fact that its nucleus of origin in the upper part of the

medulla oblongata presents cells of a distinctly motor type. These

cells evidently supply motor fibres to the stylopharyngeus muscle.

The sensory functions of the nerve so far as common sensibility is

concerned are not disputed. The nerve undoubtedly is the nerve of

common sensation of the regions specified. In reference, however,

to the sense of taste, there still seems to be uncertainty in the minds

of some. As we have just seen, Fusari and Panasci have claimed

that they have demonstrated the presence of the cell body of the neu-

ron of taste in the taste bulb of the tongue. The central branches of

these neurons, according to the same observers, pass brainward by

the trunk of the glossopharyngeal. Other observers, however, nota-

bly Van Gehuchten, Eetzius, and Lenhossek, have not been able to

determine the presence of these peripheral gustatory neurons. It

seems probable that we shall have to wait for more careful research

according to the new methods, before we can determine positively the

physiology and anatomy of taste. The older writers indulged largely

in speculation, and sought to trace the gustatory fibres without suffi-

cient warrant in the most roundabout routes, by way of the various

connections of the seventh, ninth, and fifth nerves. So far as I can

judge, these speculations have little scientific warrant or value. Clin-

ical experience proves that the anterior portion of the tongue is sup-

plied with the sense of taste by the chorda tympani nerve. The pos-

terior x>ai't of the tongue, however, as already said, is supi^lied

apparently with gustatory fibres by the ninth or glossopharyngeal

nerve. On the other hand the fifth nerve is thought by biome to conduct

taste fibres, and there is clinical evidence for this. The difficulties

of estimating not only the functions but also the diseases of this nerve

are greater perhaps than in the case of any one of the twelve cranial

nerves. It is an extremely difficult nerve, for instance, for physiolo-

gists to experiment upon in the lower animals, while in the human
subject it is scarcely if ever the seat of isolated disease. I know of

no instance, in fact, in which it can be claimed without doubt or criti-
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cism that tlie nerve trunk has been diseased alone. The facts being

thus, it seems that we must either fall back on mere speculation as to

what disease might or should do with regard to taste, or else ac-

knowledge our relative ignorance on these questions.

The glossopharyngeal nerve may, however, be affected in some
disease processes. In that degenerative disease, for instance, known
as glosso-labio-pharyngeal paralysis, the nucleus of the ninth nerve

is sometimes involved in the degenerative process. Here, however,

the symptoms caused by an involvement of this nerve are so obscured

by the symptoms caused by involvement of other nerves that it is diffi-

cult to separate them. No doubt, however, some of the anaesthesia

of the fauces and impairment of the sense of taste as well possibly

as some of the paralytic symptoms in the act of swallowing are caused

by degeneration of the nucleus and roots of the glossopharyngeal

nerve.

The trunk of the glossopharyngeal nerve might, of course, be in-

volved in focal lesions of the medulla oblongata or in localized lesions

about the base of the brain, such as tumors, meningitis, and hemor-

rhage. Surprisingly little, however, has been observed of symptoms
of paralysis of this nerve by such lesions. Possibly this may be due

to the fact that all symptoms produced by lesions of the glossopharyn-

geal nerve are deep seated and readily overlooked unless searched for

with the most careful tests. A patient, for instance, might readily

have anaesthesia of one side of the pharynx and loss of taste on one

side of the posterior third of the tongue, without this being very per-

ceptible to himself or very readily detected by his physician. It is

doubtful whether the unilateral lesion would seriously interfere with

the act of swallowing. This act being largely reflex, no doubt de-

pends to some extent upon the integrity of the sensory fibres in the

glossopharyngeal nerve, but the irritability might readily be blunted,

we may suppose, or even abolished on one side without the act of

swallowing being more than slightly embarrassed. It is impossible

to say, owing to lack of observation, to what extent speech, especially

the formation of gutturals, might be impaired by complete paralysis

of the glossopharyngeal nerve. It is probable that this nerve conveys

the muscular sense from parts of the pharynx and fauces, and the

abolition of this we might suppose would cause some incoordination

of the movements necessary for speech ; but of this we have no posi-

tive clinical evidence. As the nerve supplies common sensation to

and about the epiglottis, its paralysis would tend to cause choking by

permitting small particles of food to find their way into the windpipe.

According to Mills and Lloyd,*'* taste may be involved in various

ways by brain tumors. Thus subjective sensations of taste, particu-
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\siv\y the so-called metallic taste, may be i:)resent in cases of brain

tumor. Tins is jjrobably caused by irritation of the trunlc of the

glossopharyngeal nerve, especially of its petrous ganglion or of its

connections within the medulla. As these authors suggest, the

abnormal taste phenomena observed in rare cases of brain tumor

may be caused by irritation of the nerve trunk in the same way that

a mild galvanic current applied to the nape of the neck will often

cause a metallic taste.

As the glossopharyngeal nerve apparently supplies common sensi-

bility to the tympanum by way of the nerve of Jacobson, its paralysis

of course would cause anaesthesia of the cavity, provided the lesions

were in or above the petrous ganglion ; but this symptom would be

extremely difficult to determine.

The motor symptoms caused by paralysis of the glossopharyngeal

nerve, due to a strictly localized lesion of the nerve itself, are also ex-

tremely difficult to estimate. The nerve seems to supply the stylo-

pharyngeal muscle, but the isolated action of this muscle is probably

not important and its isolated paralysis would not cause conspicuous

symptoms. It is possible that other of the pharyngeal muscles are

also supplied by the glossopharyngeal nerve, but anatomists differ on

this subject. Its pharyngeal branches help to constitute the pharyn-

geal plexus which supplies the muscular fibres of the upper part of

the pharynx. Some claim, however, that the fibres which supply

these muscles are derived from the pneumogastric. As an isolated

paralysis of the glossopharyngeal nerve is extremely rare, it is im-

possible to determine this point definitely.

The treatment of diseases of the glossopharyngeal nerve resolves

itself usually into treatment of lesions involving this nerve conjointly

with others. In labio-glosso-pharyngeal paralysis the treatment is

usually unsatisfactory. Strychnine and electricity are probably the

most reliable agents, but the disease is usually steadily progressive

and exceedingly rebellious to medication. In cases of tumor, men-

ingitis, or other gross lesions involving this nerve the treatment is

that which has been indicated elsewhere for these lesions, but it is

usually most unsatisfactory.

Diseases of tlie Tenth Nerve.

The tenth nerve, called also the pneumogastric or vagus nerve,

has an extensive distribution. It is composed of sensory and motor

fibres and supplies organs and viscera in the neck, chest, and abdo-

men. It arises from the medulla oblongata in the sulcus just behind

the olivary body and below the fibres of origin of the ninth nerve.
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As it is composed of both motor and sensor}^ fibres, it of course lias

both a motor and a sensor}^ nucleus. Its motor nucleus is situated

deep in the medulla or postoblongata and is known as the nucleus

ambiguus. It is x>ractically the same nucleus from which arise motor

fibres of the ninth nerve. This nucleus contains large cells, evidentlj'

of the motor type, which are the cell bodies of the peripheral motor

neurons of these

two nerves. From
these cell bodies

arise axis cylin-

ders, which after a

slightly bentcourse

pass out from the

medulla in the sul-

cus behind the

olivary body. The
nucleus ambiguus,

from which these

motor fibres arise,

i s practically a

continuation u p -

wards of the gray

matter constituting

either the anterior

or the lateral horn of the spinal cord. Hence both these nerves may
be looked upon as approaching the type of the spinal nerve.

The superficial origin of the pneumogastric nerve is by about

twelve roots issuing from the medulla in the lateral fissure behind

the olivary body. These roots coalesce to form the trunk of the nerve.

The sensory fibres of the pneumogastric have their origin outside

of the cerebrospinal axis. The cell bodies of these peripheral neurons

are placed in ganglia called the jugular and the plexiform ganglia.

The former is situated nearer to the central origin of the nerve. These

are analogous to the ganglia of the posterior roots of the spinal nerves.

According to Van Gehuchten, they are formed of unipolar cells, the

single stem of which divides into a central and a peripheral branch.

The peripheral branch jjasses by way of the nerve trunk to terminate

in the mucous membrane to which the nerve is distributed. The
central branch becomes the axis cylinder and passes into the medulla

oblongata by way of the roots of the nerve. Within the medulla it

divides into a descending and ascending branch. The descending

branch becomes a part of the solitary fasciculus, while the ascending

or horizontal branch terminates in the inferior portion of a gray mass

Fig. 26.—Section of the Upper Cervical Cord. XII. , Nucleus of the

hypoglossal nerve ; X, terminal sensory nucleus of the pneumogas-
tric nerve ; nB, Burdach's nucleus

;
pci, inferior cerebellar pedun-

cle ; na., nucleus ambiguus. (Van Gehuchten.)



216 LLOYD—CEREBROSPINAL AND SYMPATHETIC NERVES.

under the floor of the fourth ventricle called the " trigone" of the vagus

and the glossopharyngeal nerves (Van Gehuchten) . This gray mass

has been considered for a long time as the true nucleus of origin of

the pneumogastric nerve. According to the new methods of staining,

however, and especially in the light of the embryological work of His,

we know now that this gray mass constitutes a fermina? nucleus. The

axis cylinders of the peripheral sensory neurons of both the ninth and

tenth nerves terminate by their arborizations in this gray mass, and in

it are located the nerve cells of the sensory neurons of the second order

whose axis cylinders penetrate farther into the cerebro-spinal axis.

The course and distribution of the pneumogastric nerve are ex-

tensive and complex. At the point of formation of its trunk from its

numerous small roots of origin there is found the jugular ganglion

and at a short distance lower down its trunk expands into a second

or plexiform ganglion. The significance of these has already been

stated. These ganglia represent the ganglia on the posterior roots of

the spinal nerves, although in the case of the pneumogastric nerve

they are not located on a separate sensory root, but are incorporated

in the main trunk of the nerve. This nerve trunk passes through the

dura mater and emerges from the cranium in company with the ninth

nerve by the jugular foramen. It descends vertically through the

neck just in front of the vertebral column, being enclosed within the

sheath of the great vessels of the neck. After it passes into the

thoracic cavity the anatomical relations differ on the two sides. On
the right side it passes between the subclavian artery and vein and

gives origin at the inferior border of this artery to its recurrent branch,

or right inferior laryngeal nerve. The main trunk of the pneumo-

gastric passes behind the right bronchus. On the left side the trunk

of the nerve crosses the arch of the aorta and at this point gives origin

to the inferior or recurrent laryngeal nerve, which winds around the

aorta and then ascends to the side of the trachea (Gray).

The branches of the pneumogastric nerve may be stated in brief

as follows : In the jugular fossa the auricular branch arises, which

apparently supx^lies the integument of the back part of the pinna.

In the neck the pneumogastric gives origin to the pharyngeal,

superior laryngeal, recurrent laryngeal, and cervical cardiac branches.

The pharyngeal branch anastomoses with branches from the glosso-

pharyngeal and sympathetic to form the pharj^ngeal plexus, which

supplies the muscles and the mucous membrane of the pharynx with

motor and sensory fibres. The superior laryngeal nerve arises from

the plexiform ganglion of the pneumogastric and is apparently

largely a sensory nerve for the larynx. The inferior or recurrent

laryngeal is the motor nerve for the larynx. The cervical cardiac
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branches of the iDneumogastric form connections with the sympa-

thetic and with the cardiac plexus and cardiac nerves.

The thoracic cardiac branches terminate in the deep cardiac plexus.

Within the thorax the branches of the pneumogastric nerve are

the anterior and posterior pulmonary and the oesophageal. The
former two enter into the formation of the pulmonary plexus and have

important connections with the sympathetic system. The oesopha-

geal branches go to form the oesophageal plexus.

The trunk of the pneumogastric nerve penetrates the diaphragm

and distributes its terminal filaments by way of the gastric branches.

These gastric branches are distributed principally to the stomach and
the coeliac and splenic plexuses. They form connections also with

the sympathetic system and with the hepatic plexus (Gray, Van Ge-

huchten)

.

The functions of the pneumogastric nerve have been the object

of much investigation and some speculation. The nerve is concerned

in the acts of deglutition, phonation, circulation, respiration, diges-

tion, and possibly even in some of the functions of the intestines.

Taking in order its main branches from above downwards we may
briefly map out its physiology.

Its first important branch is the pharyngeal. This arises from

the plexiform ganglion on the trunk of the nerve and passes to the

lateral wall of the pharynx where it anastomoses with branches of the

glossopharyngeal and sympathetic nerves to form the pharyngeal

plexus. From this plexus are supplied the branches of innervation

for the muscles and mucous membrane of the pharynx. According

to this plan it seems that the pneumogastric enters only in part into

the innervation of the pharyngeal muscles and mucous membrane.

Exactly what part of these it supplies is still a question. According

to Rethi, quoted by Yan Gehuchten, the pharyngeal filaments of the

vagus nerve innervate the constrictor muscles of the pharynx as well as

some of those of the vault of the palate. The nerve is evidently impor-

tant in relation to deglutition. It not only supplies some of the phar-

yngeal muscles, as already said, but probably also controls the move-

ments of the oesophagus and even of the cardiac orifice of the stomach.

The next important branch of the pneumogastric nerve is the

superior laryngeal. It has two branches. The first supplies the

cricothyroid muscle as well as the lower constrictor. The other

branch supplies the mucous membrane of the larynx, the vocal

cords, the epiglottis, and the base of the tongue. Thus it is largely

the sensory nerve of the larynx, although, as is seen, it has some

motor fibres. It is probably largely upon this nerve that the fine

adjustments of deglutition and respiration depend. In the act of
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swallowing it is necessary of course that both the sensory and motor

supply sliould be in strict liarmony in order that the epiglottis may
close properly and that no particles of food should drop into the

larynx. These functions depend probably in great part upon the

pneumogastric nerve.

The recurrent branch of the pneumogastric nerve is the motor

nerve of the larynx. It supplies all its muscles with the exception of

those already mentioned. It also sends branches to the pharynx,

trachea, and oesophagus. This branch is evidently largely motor,

although it is possible that it supplies part of the mucous membrane

of the pharynx with sensory fibres. It is i^roper to state that the

motor innervation of the larynx has been a much disputed question.

Some have claimed that this is a function of the pneumogastric

nerve, others of the spinal accessory. Grabower"' claimed that the

spinal accessory nerve has nothing to do with the innervation of the

larynx and that the vagus is the only motor nerve of this organ.

He has recently recorded a case of tabes in which there was degen-

eration of the left recurrent nerve and of the extrabulbar portion of

the roots of both tenth nerves with perfect integrity of the roots of

both eleventh nerves, degeneration of the roots of both ninth nerves,

integrity of the nuclei and intra-bulbar portion of the roots of the

tenth and eleventh nerves, and moderate degeneration of both spinal

roots of the fifth nerve. The patient had bulbar symptoms and as

can be seen the recurrent nerve was degenerated as well as the roots

of both tenth nerves, while the roots of both eleventh nerves were

intact. This, according to Grabower, proves that the accessory

has nothing to do with the innervation of the larynx. He claims,

however, to know of sixteen cases in which jjaralysis of the larynx

was observed in connection with paralysis of the trapezius; seven

of these were of peripheral origin and therefore, he claims, useless

for the question, because a peripheral disease in the sheaths of the

blood-vessels of the neck would likely involve both the pneumogastric

and spinal accessory nerves. In the other case there was no autops3^

Oppenheim agrees with Grabower that his case demonstrates that the

vagus and not the accessorius is the motor nerve of the larynx. It is

possible, he thinks, that the tabetic virus affects the roots of the

vagus and not the nuclei, as is seen in cases of some other poisons.

The cervical cardiac branches go to form the cardiac plexus. One
of these fillets, springing directly from the trunk of the vagus or

formed by the union of a branch of the superior laryngeal nerve with

a branch from the trunk of the vagus, constitutes the nerve known
as the depressor (not inliibitor) of tlie heart, or the nerve of Cyon.

It has long been known that the pneumograstic nerve exercises a pow-
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erful inhibitory action on the heart. It controls the heart movements,

and its irritation, especially the irritation of its inhibitory branch,

retards the beating of the heart. Under this influence the heart beats

more slowly. A strong electric current, it is said, will stop the heart

in diastole.

The thoracic cardiac branches of the pneumogastric also go to

form the cardiac plexus, through which the action of this nerve is ex-

ercised upon the heart.

The anterior and posterior pulmonary branches form with the

sympathetic the anterior and posterior pulmonary plexus respec-

tively. From these two plexuses arise numerous branches which

follow the bronchial tubes through all their subdivisions into the

interior of the lungs. This nerve thus evidently has an important

function in regulating respiration. It probably conducts afferent

branches through the pulmonary plexus from the structure of the

lungs and bronchi. These afferent or sensory impressions probably

lead to reflex acts of breathing. In respect to respiration, however,

it must be recalled that it is a complex movement depending upon

the proper adjustment of the mouth, nose, pharynx, and larynx. It

thus requires an extensive coordination of muscular movements,

guided and in a sense controlled by numerous afferent or sensory

impressions. This extensive complex movement is, therefore, not de-

pendent upon any one nerve, but upon a coordinate or harmonious

action of several nerves, especially the fifth or trifacial, the seventh

or facial, the ninth or glossopharyngeal, the tenth or pneumogastric,

the eleventh or spinal accessory, the spinal thoracic nerves, and

the sympathetic fibres. All of these nerves, it is to be remembered,

have numerous anastomosing branches. In addition, the branches of

the pneumogastric nerve, distributed to the bronchi, cause constric-

tion of these tubes, as seen in asthma. According to some observers

the laryngeal nerves, both superior and inferior, exert an inhibitory

action upon the movements of respiration (Habershon'"). It is sup-

posed by some that the afferent impulses carried from the lungs to

the respiratory centre in the brain by way of the pneumogastric

nerve depend partly upon the accumulation of carbonic acid in the

blood. This excites the reflex action of respiration.

The oesophageal branches of the pneumogastric nerve descend

upon the anterior and posterior surfaces of the oesophagus, sending out

large numbers of anastomosing branches which constitute the oeso-

phageal plexus. From this plexus arise fibres which supply the mus-

cles and mucous membrane of the oesophagus. The function of these

nerves is evidently to preside over the reflex action of the oesophagus

in the process of swallowing.
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In tlie abdomen the terminal branches of the pneumogastric nerve

are supplied to the muscles and mucous membrane of the walls of the

stomach and extend by way of the hepatic plexus also to the liver.

The nerve sends branches also to the semilunar ganglion and to the

aolar plexus. An important function of the pneumogastric nerve is

indicated by these distributions. It is probable that the proper per-

formance of digestion depends in a measure upon this nerve. The
movements of the oesophagus and stomach are under its control. As
the nerve also contains sensorj^ fibres, it is probably the path by which

we are acquainted with both the normal and the morbid sensations in

that organ. For instance, it possibly conveys the sensation of nausea

and consequently is active in the function of vomiting. Its action

upon the liver is somewhat obscure. The well-known experiment of

Claude Bernard illustrated its function. He discovered that puncture

of the floor of the fourth ventricle at the trigonum of the pneumogas-

tric nei*ve produced saccharine urine, probably as a result of a dis-

turbance of the glycogenic function of the liver. The vagus finally

may have some connection through the sympathetic system with the

suprarenal capsule, the kidney, and even with the uterus. This con-

nection may possibly explain the reflex irritation of the stomach

caused by diseases of these organs.

To recapitulate, we may refer to the experiments made by physiol-

ogists by division of the pneumogastric nerve. According to

Habershon division of the pneumogastric nerve causes loss of

sensation in the throat and larynx so that foreign substances may
pass unheeded into this organ ; there is loss of power in the throat

and of action of the vocal cords, and the glottis is partially closed;

the heart's action is impeded, but at first its frequency and force are

increased; the lungs lose their sensibility; the movements of the

chest wall are less active, and respiration becomes less frequent and

more deep; the capillaries of the lungs are filled with blood, hence

the mucous membrane is congested ; trophic changes occur and in-

flammation in the lung tissue is induced ; in the stomach the cardiac

orifice does not act; the mucous membrane becomes pale and secre-

tion at first is checked. Irritation of these nerves causes vomiting

and movejneuts of the stomach, but complete division of them stops

vomiting and the stomach is paralyzed and may become distended.

Isolated disease of the pneumogastric nerve is exceedingly rare.

On the other hand, the nerve is not infrequently affected by diseases

of neighboring parts and organs. Distinct inflammation of the

pneumogastric nerve, in the sense in which the facial nerve, for in-

stance, is inflamed, is practically unheard of; so too, its deep course

through the neck and thorax renders it almost exempt from injury.
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Its nucleus in the medulla may be involved in the degenerative proc-

ess which also attacks nuclei of other cranial nerves, producing such

combined scleroses as the labio-glosso-pharyngeal paralysis. In such

a case the disease process is essentially a destructive one, falling

primarily upon the cell body of the neuron rather than uj^on its axis

cylinder. Hemorrhages, tumors, and meningitis about the base of

the brain might involve the trunk of the pneumogastric nerve, but

in all such instances there would be many other complicating symp-

toms. Tumors in the neck and very rarely injuries might also in-

volve the trunk of the nerve. Because of its deep course, however,

such injuries are rare, and if they occurred they would probably in-

volve also the large blood-vessels of the neck and would be speedily fa-

tal. In the thorax the commonest cause for involvement of the pneu-

mogastric nerve or more especially of its recurrent laryngeal branch

are aneurysms of the aorta and its branches, and tumors in the

anterior mediastinal space. Diseases of the lungs, even the most ex-

tensive and destructive in character, do not, as a rule, impair the

action of the pneumogastric nerve. Gastric disorders may possibly

act as irritants to this nerve; in fact some of the symptoms of

gastric irritation are probably conveyed to consciousness by way of

the pneumogastric. The various metallic and other x>oisons do not

seem, as a rule, to have much influence upon the pneumogastric

nerve. In lead poisoning, however, severe prsecordial pain is some-

times present and may possibly be an expression of irritation of some

of the fibres of this nerve. In grave alcoholic poisoning we also see

a symptom occasionally that suggests the possibility of paralysis of

the cardiac branch of the nerve known as the inhibitor of the heart or

nerve of Cyon. Thus in acute alcoholic multiple neuritis there is

present sometimes an obstinate and even dangerous tachycardia.

This is extremely rebellious to treatment and will not respond for in-

stance to digitalis. It is sometimes the cause of sudden death in

this disease. Thus in one instance in a woman with all the symp-

*toms of perij)heral alcoholic neuritis the heart beat j)ersistently in

spite of rest in bed and full nourishment at one hundred and forty

pulsations to the minute. Sudden death occurred in this case from

the application of an ice bag over the chest. The so-called " tobacco

heart" is possibly an affection in part of the pneumogastric nerve

(see below). Syphilis as a rule does not play an important role in

affections of the pneumogastric. A syphilitic inflammation of this

nerve trunk has not occurred so far as I know, although the nerve has

been involved in syphilitic meningitis. Exposure to cold never acts

as an exciting cause of disease of the pneumogastric nerve.

This nerve is supposed to be variously influenced or involved in
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some of the obscure so-called gastric aud other neuroses. In mi-

graine, for instance, it is probably involved. This disease, as al-

ready explained, seems to expend its force especially in the territory

of the oi^tic, trigeminus, and pneumogastric nerves. Thus ambly-

opia, headache, and vomiting are its three chief characteristics.

What the exact affection of the nerve is, however, in migraine, it is im-

possible to say. If this disease, as some suppose, is due to a toxin

in the blood, we can only surmise that this poison acts in some way

as an irritant upon the trunk or the nerve endings of the gastric

branches of the i)neumogastric. But why it singles out these three

nerves especially is an unsolved problem in pathology. There are

other gastric, abdominal, and cardiac neuroses that apparently in-

volve the pneumogastric nerve, but the subject is so obscure that it

is scarcely worth while to speculate about it. In many of these cases

the patients are either neurasthenic or hysterical, and the seat of the

neurosis is in the brain.

In postdiphtheritic paralysis some branches, especially the pharyn-

geal and laryngeal, of the pneumogastric nerve may be involved.

While, as already said, trauma does not often act as a cause of

irritation or paralysis of the pneumogastric nerve, yet surgical op-

erations about the neck may involve this nerve or one or other of its

branches. This is true, especially of ligation of the internal carotid

artery.

In epilepsy and hysteria the pneumogastric nerve is evidently

temporarily involved in the fits ; thus the epigastric aura of epilepsy

and the " globus" of hysteria are both manifested in the territory of

this nerve, although the primary excitation is probably in its centre

in the brain cortex.

Very few evidently of the fibres of the pneumogastric nerve are

under the control of the will, if we except those that innervate the

pharynx and the larynx. Most of its influence apparentlj^ is upon the

functions of organic life. These functions, however, are influenced to

a considerable degree by the emotions, and some of the most impor-

tant examples of this occur as morbid phenomena. It is difiicult,

however, to make an exact estimate of these. We may only surmise

that many of the cardiac and gastric disorders due to various mental

states act through the pneumogastric nerve. Many of the so-called

instances of reflex irritation of the stomach and many cases of nausea

and vomiting from injuries or diseases of remote organs evidently act

by way of this nerve. Thus vomiting is not an uncommon s,ymptom

of organic diseases of the brain such as tumor and abscess. In such

a case the symptom is probably caused by irritation of some of the

association tracts or of the nucleus or trunk of the nerve itself. In
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diseases of the kidne^^s and in pregnancy and diseases of tlie uterus,

vomiting is not an uncommon symptom, and is probably caused by

irritation either directly of the fibres of the pneumogastric nerve or

indirectly by way of the symi)athetic.

The symptoms of affection of the pneumogastric nerve are either

irritative or paralytic. These will be considered in turn in reference

to the various branches of the nerve trunk.

The pharyngeal branches of the pneumogastric nerve, as already

explained, go to form, with branches of the sympathetic and of the

glossopharyngeal nerves, the pharyngeal plexus., This plexus may
be involved in various ways. One of its commonest affections is

seen in postdiphtheritic paralysis. It is also implicated in the com-

bined sclerosis known as labio-glosso-pharyngeal paralysis. Other

affections of it are rare. Meningitis, tumors at the base of the brain,

and disease of the bones might cause paralysis of the pharynx, but

certainly this is not common. The symptoms of paralysis of the

pharyngeal muscles are embarrassment or loss of power of swallow-

ing. Liquids cause much difficulty, as they regurgitate through

the nose, especially in cases of associated paralysis of the muscles of

the soft palate. Particles of solid food also may pass into the larynx.

A semi-solid food is best swallowed. In severe cases food may lodge

and remain in the pharynx, and serious results may occur from

strangling and choking. If minute particles of food pass into the

lung a dangerous form of pneumonia may result. Spasm of the

pharyngeal muscles is a rare symptom of involvement of the pharyn-

geal plexus. It is seen in hydrophobia, in which case it may possibly

be due to irritation of the nerve trunks or nerve endings. It possibly

occurs in the initial stage of the epileptic paroxysm and is a very

common symptom in hysteria, although the true "globus" of hysteria

is probably an affection rather of the oesophagus than of the pharynx.

In the occupation neurosis of professional voice-users, a spasmodic

action of both the pharyngeal and laryngeal muscles occurs. The
pharynx, as Wyllie" has pointed out, plays an important part in the

production of voice. In the disease known as clergyman's sore throat

there is often a well-marked neurotic element in which the action of

the associated muscles of the larynx and pharynx in the production of

voice is impaired. In some of these neurotic cases the voice, in the

midst of public speaking or singing, suddenly leaves the patient, as the

result of a spasmodic action of the muscles of phonation. An hj^sterical

element is not uncommon in some of these cases. The true aphonia

of hysteria, however, is a psychic rather than a local affection.

The laryngeal branches of the pneumogastric nerve are probably

more frequently involved in disease than any others. They are
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especially liable to irritation and pressure from tumors and aneurysm

in the neck and tliorax, and to wounds inflicted during surgical oper-

ations. As already explained, the two laryngeal nerves—superior

and recurrent or inferior—supply the larynx with sensory and motor

filaments. The former of these filaments run largely in the superior,

the latter in the recurrent branch. The superior laryngeal nerve,

however, supplies motor fibres to the cricothyroid as well as to the

lower constrictor muscle.

The opening and shutting of the glottis are affected by antagonis-

tic muscles. These muscles, however, are suijplied by fibres that run

through the single nerve trunk—the recurrent laryngeal. These

fibres, of course, are distinct and arise from distinct nerve cells, al-

though passing through the same trunk. The fact that they do pass

through the same nerve trunk, which may be variously affected by

irritative and paralyzing lesions, is one of great clinical importance.

The two main functions of the glottis are concerned first with res-

piration, second with phonation. During respiration the glottis is

widened, or, more properly, it is widened during inspiration. It is

closed firmly to prevent the entrance of foreign bodies into the

larynx, and it is closed also immediately before the act of coughing.

During phonation the laryngeal muscles give the vocal cords a certain

tension, and at the same time the latter are approximated to each

other. The tension of the vocal cords is produced by the cricothyroid

muscles, which are supjjlied by the superior laryngeal nerves, but all

the other muscles concerned with the functions of the glottis are sup-

plied by the recurrent nerves.

Considering these facts, when a vocal cord stands at continued rest

in the position normally occupied during xDhonation, that position

may be due either to spasm or fixation of the muscles which close the

glottis on the one hand, or to paralysis of the muscles which hold the

glottis open on the other hand (Soils Cohen""). This phenomenon,

according to Cohen, has been usually attributed to paralysis of the

nerve supplying the posterior cricoarytenoid muscle, the function of

which is to keep the vocal bands asunder, to hold the rima glottidis

open for the needs of ordinary respiration, and even to draw these

bands open to their widest extent for the needs of extraordinary in-

spiration. Cohen says that this view is supported by the fact that

the muscle, in almost every case in which it is paralyzed by pressure

upon its nerve, is found post mortem to be degenerated, and that lit-

tle if any similar atrophy is found in the antagonistic muscles. This
view is supi)orted by Semon, who concludes that organic disease of

the root or trunk of the motor nerve of the larynx (i.e., the recurrent

nerve) is earliest and sometimes exclusively manifested in paralysis
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of this dilator muscle, i.e., the posterior cricoarytenoid. Cohen

himself, however, inclines to the view first expressed by Krause, of

Berlin, who believes that organic irritation of the recurrent laryngeal

nerve produces spasm of all the muscles (both the dilator and con-

strictor) of the pharynx

—

i.e., of those that preside over the various

acts of respiration, phonation, and coughing. Inasmuch, however,

as the constrictor muscles j^reponderate over the dilator, the spas-

modic closure of the glottis occurs in spite of the fact that the antag-

onistic or dilator muscles may also be thrown into spasm. This view

of Krause seems to me to explain best some of the well-known facts

of the clinic. In most lesions which cause irritation of the recurrent

laryngeal nerve, such as tumors and aneurysms, we must suppose

that both sets of fibres

—

i.e., those passing to the dilator as well as

those passing to the constrictor muscles—are irritated. This is due

to the fact that the fibres for both sets of muscles are included in the

one nerve trunk. As, however, in all such cases spasmodic closure

and not spasmodic opening of the glottis is the rule, it seems that the

only inference is that the muscles that preside over closure of the

glottis overmaster those that preside over its opening, and that there-

fore spasmodic closure occurs, and we have the well-known paroxys-

mal dyspnoea which is so characteristic of pressure upon the recurrent

laryngeal nerve. The danger in most cases in which irritation occurs

to the laryngeal nerve is from spasm and closure of the glottis. Pa-

ralysis of this, especially when it occurs only on one side, is not as a

rule sufficient to cause obstruction to the passage of air into the lung,

for the reason that the unparalyzed side affords sufficient space. As

the cricothyroid muscles are the chief muscles for rendering the vocal

cords tense, and as these are supplied by the superior laryngeal nerve,

this element in phonation is not always involved in affections of the

larynx or its nerve supply. As all the other muscles, however, are

supplied by the recurrent laryngeal nerve, paralysis or irritation of

this nerve may variously affect the voice. According to Landois and

Stirling, paralysis of the motor nerves of the larynx causes aphonia

or loss of voice. If the tensors of the vocal cords are paralyzed, i.e.,

the cricothyroid muscle, monotonia is the chief result. In paralysis

of the larynx disturbance of respiration may not be important so

long as respiration is tranquil, but so soon as increased respiration

occurs, due to exercise or exertion, dyspnoea sets in because of the

inability of the glottis to dilate. If only one vocal cord is paralyzed,

the voice becomes falsetto. Sometimes the vocal cords are only para-

lyzed to such a slight degree that they do not move during phonation,

but do move during forced respiration and during coughing. In

many cases in which the function of the recurrent laryngeal nerve is

Vol. XI.—15
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interfered with by aneurysm or tumor, the vocal cord is seen on the

paralyzed side to be at rest in the position of phonation. To con-

clude, the important symptom caused by irritation of the motor nerve

of the larynx is spasmodic closure of the glottis. This is a clinical

fact about which there need be no speculation. Paralysis of these

motor nerves, on the other hand, causes various affections of phona-

tion, such as monotonia, falsetto tone, and various other defects

of voice. It may also cause dyspnoea, which is only marked

during exercise owing to the forced respiration thus rendered

necessary. In other words, a paralysis which leaves the chink of

the glottis only ijartially closed may give sufficient space for gentle

respiration but not sufficient for the forced respiration required

by exercise.

The dyspnoea caused by pressure upon the recurrent laryngeal

nerve is not always merely paroxysmal. It may be, for reasons

already explained, more or less constant, especially during exertion.

Thus in a case reported by Solis Cohen, a man, aged forty-four

3^ears, with aueurj^sm of the arch of the aorta and of the left subcla-

vian artery, had fixation, probably due to spastic immobility, of the

left vocal band in the phonatory position. His voice was weak and

diphthouic, the higher pitch tone being metallically shrill and squeaky.

Eespirati(m was embarrassed on exertion, but during rest in a sitting

position it was quiet, at a rate of from 20 to 24 per minute. The lar-

yngoscojje revealed tense immobility of the left vocal baud in the

X)houatory iDOsition. The aneurysm in this case compressed the infe-

rior laryngeal nerve on the left side as it winds around the arch of the

aorta. Colien attributes the fixed position to a preponderating

spasm of the group of adductor muscles rather than to paralysis of

the abductor. As we have seen, however, some other observers con-

sider this to be a true paralytic plienomenon. Cohen reports other

cases in which this fixation of the vocal band in the phonatory posi-

tion was due to other causes. Thus in one case it was caused by a

large thyroid body, and in another by a left-sided pleuritic effusion

with displacement of the heart. He thinks that the displacement of

the heart had caused a strain upon the recurrent nerve by dragging

the arch of the aorta forwards, downwards, and to the riglit. Tliis

author says that complete destruction of the conductivity of the

recurrent laryngeal nerve leaves the vocal band immobile in a position

which does not interfere with the respiratory fujiction. In conclu-

sion, it seems that the gravest dangers from interference with the

function of the motor nerve of the larynx are two in number: first,

sj)asm ])roducing paroxysmal or even continued dyspncea; and second,

paralysis of the dilator muscles which, while permitting respiration
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during rest, causes dyspnoea during exercise, owing to the inability

of the glottis to dilate.

The left recurrent laryngeal nerve is rather more liable to be in-

volved by aneursym than its fellow, owing to the fact that it curves

around the arch of the aorta.

The paroxysms of dyspnoea caused by involvement of the rec^^rrent

laryngeal nerves are occasionally fatal. Budd ""
'' reports the case of

an old man who had paroxysms of difficult breathing. He had a small

tumor on the left side of the neck close to the trachea. Occasionally

he had violent attacks of suffocative dyspnoea, and in one of these he

died. The autopsy revealed a small malignant growth situated in the

cleft between the larynx and the trachea on the left side, and involv-

ing the recurrent laryngeal nerve. Neither the larynx nor the

trachea had been subjected to mechanical pressure or organic ob-

struction.

Hale White"" ^ has recently advanced the theory that the recurrent

laryngeal nerve has a trophic function for the thyroid gland. He re-

ports two cases of aneurysm of the aorta with involvement of the re-

current laryngeal nerve, in which there was marked atrophy of the

thyroid gland. The changes in the gland were degenerative and de-

structive, in one case the gland being little else than a mass of ill-

formed fibrous tissue. AVhite suggests that this fact is important in

view of the possible causation of myxoedema in similar cases, but he

records no observation to prove that myxoedema occurs under such

circumstances.

Morell Mackenzie"" recorded a case of paralysis and atrophy of the

abductor of the left vocal cord, caused by laryngeal growths pressing

upon the recurrent laryngeal nerve. There was extreme dyspnoea and

stridulous breathing on the slightest exertion, but these ceased when
the patient lay down and also when he went down-stairs. The autopsy

revealed a number of small tumors growing outside of the windpipe

midway between the larynx and the bifurcation of the trachea. In one

of these the left recurrent nerve was completely embedded, and where

it emerged it was seen to be red and inflamed. The left abductor or

cricoarytenoid muscle was found to be pale and atrophied, and on

microscopical examination its fibres were seen to have undergone

complete fatty degeneration. No other muscle was unhealthy. This

case seems to prove the correctness of the view that paralysis and

degeneration of the abductor muscle is the cause, in some of these

cases at least, of the dyspnoea. This is so especially in this type of

case, in which the dyspnoea is increased on exertion and is not spas-

modic and paroxysmal in time. The fact, however, that this muscle

alone is involved when the whole nerve trunk, containing as it dose
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fibres to manj' other laryngeal muscles, is so seriously implicated, is

difficult to understand and requires further explanation.

Newman'"" has laid down some general rules as to the diagnostic

significance of laryngeal symptoms resulting from pressure by aneur-

ysms upon the vagus and its recurrent laryngeal branch. These rules

briefly are as follows : 1st. Aneurysm of the aoi-ta and of the innomi-

nate artery m.a.j give rise to laryngeal symptoms only, so that it may
require critical physical examination to form a positive diagnosis.

2d. In the early stage pressure may cause paroxysms of most urgent

dyspnoea, accompanied by laryngeal stridor and paroxysmal cough.

3d. At a later stage paralysis, limited usually but not always to one

side, occurs, characterized by phonative waste of breath and imper-

fect cough, but without dyspnoea except when reflex spasm is indi-

cated on the opposite side. According to these rules it seems that

spasm of the adductor muscles causing paroxysms of dyspnoea is more

likely to be an early symptom, and is due to irritation of the recur-

rent nerve, but that later in the case paralysis of the abductor may
occur, and this does not lead to dyspnoea, except, as already explained,

during exercise or exertion, or when associated wdth spasm of the

adductors on the opposite side. These rules possibly are subject

to many exceptions, but in the main they seem to be based upon

the true condition seen in these cases. They indicate, how^ever, the

necessity for extreme caution in arriving at a diagnosis of the true

cause for either laryngeal spasm or paralysis.

The treatment for the various affections of the recurrent laryngeal

nerve is not as a rule satisfactory. As the causes for the irritation

or paralysis of the nerve trunk are usually tumors or aneurysms in

the neck or thorax, but little can be done. Tumors at accessible

points should of course be excised. The principal means for relief

in urgent ijaroxysmal dyspnoea is tracheotomy. Anodyne and seda-

tive medicines are but of little if any value in these cases. The sur-

gical treatment for these various disorders of the recurrent laryngeal

nerve cannot be discussed at length in this work.

The next imj^ortant branches of the pneumogastric nerve are the

cervical and thoracic cardiac branches. These join branches from the

sympathetic to form the cardiac plexus. The pneumogastric nerve

through these cardiac branches exercises an inhibitory action upon

the heart; it also supplies the heart with sensory fibres. In some

animals it is supposed that the heart receives also some of its acceler-

ator fibres through the vagus. According to Landois and Stirling,

feeble stimulation of the pneumogastric nerve sometimes causes an

acceleration of the beats of the heart, but this jn-obably occurs only

when accelerator fibres are conveyed in its trunk. The depressor
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nerve of the heart, but not properly its inhibitory nerve, is the nerve

of Cyon, arising by one branch from the superior laryngeal, and

usually by a second from the trunk of the vagus itself. The true

inhibitory nerve arises from the inferior cardiac (Landois and Stir-

ling). Stimulation of the inhibitory nerve causes a slowing of the

heart's action and an increase in the force of the heart beat. When
the central end of one vagus is stimulated, provided the other vagus

is intact, the heart may be arrested reflexly in diastole. Stimulation

of the cardiac branches of the vagus may cause attacks of suspension

of the beats of the heart, accompanied by anxiety and a feeling of

impending death. Goltz proved that attacks of this sort may be

produced reflexly by tapping the intestines. On the other hand,

paralysis of the cardiac branches of the pneumogastric nerve causes

marked acceleration of the pulse to 140, 160, or even 200 beats per

minute. In extreme cases the pulsation is very irregular in force and

rhythm.

It is difficult to estimate the exact role of the pneumogastric nerve

in diseases of the heart. As already said, this nerve is no doubt

affected by some of the poisons, especially tobacco and alcohol.

Nicotine and atropine are known to physiologists as paralyzants of

the inhibitory fibres of the vagus nerve. In chronic poisoning by
tobacco the disorder of the cardiac muscle known as the "tobacco

heart" is probably, in part at least, an affection of the inhibitory fibres

of the pneumogastric nerve. This affection is characterized by irreg-

ularity in the action of the heart, palpitation on exertion, some dysp-

noea, and a sense of pain or constriction about the cardiac region of

the chest. These symptoms are such as would be caused by the

depressing action of a poison upon the vagus or its cardiac branches.

In alcoholic multiple neuritis a very common symptom, as already

stated, is tachycardia or rapid action of the heart. In some of these

cases the heart beats at a rate of 100, 120, or, as I knew it in one

instance, 140, in spite of prolonged rest in bed. In these cases I have

observed that the heart is also very rebellious to such cardiac stimu-

lants as digitalis; in fact, I have failed a number of times to secure

the characteristic action of digitalis under these circumstances. This

condition is not without danger, and in some cases of alcoholic neuri-

tis is the immediate cause of death. Thus I have known a patient

suffering with alcoholic multiple neuritis in all four extremities

and with wandering delirium and tachycardia, die suddenly from

heart failure. In these cases we perhaps cannot estimate with scien-

tific precision the exact condition of the pneumogastric nerve and

iis inhibitory branch. Accurate microscopical research is much
needed in this direction. Still from the mere clinical standpoint it
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seems justifiable to infer that these cardiac sj^mptoms are due to

involvement of the vagus or its cardiac branches. Instances are on

record (Gowers) in which the vagus or its cardiac branch has been in-

volved in enlarged glands or even in a small tumor. In these cases

extreme frequency of the pulse has been observed.

Finally, the pneumogastric nerve contains afferent or sensory

fibres, and these may be involved in some disease processes. It is

possible that the pain of angina pectoris is caused, in part at least, bj^

irritation of these sensory fibres. Pseudo-anginal attacks have been

noted in cases, for instance, in which the cardiac plexus has been

involved, as in a tumor.

The pulmonary branches of the pneumogastric nerve probably

have some action in disease. They supply the muscular fibres

of the bronchioles, and it is possibly through their mechanism that

asthma is caused. Experiments have shown that congestion, pneu-

monia, or even gangrene of the lungs follows section of the vagus

nerve. Section of both vagi, according to Landois and Stirling, is

followed by diminution in the number of respirations. The pneu-

monia which occurs under these circumstances has been observed

since the time of Valsalva. It may be explained by the fact that

loss of motor power and sensibility of the larynx occurs as well as

loss of sensibility of the trachea, bronchi, and lung. Hence the glot-

tis is not closed during swallowing, and foreign bodies, such as small

particles of food, enter the respiratory passages. In animals this

pneumonia has been prevented by the insertion of a tube into the

trachea through an opening in the neck. The occurrence of pneu-

monia is also favored by the fact that the labored and difficult respira-

tion causes congestion and jmlmonary oedema. Finally, these changes

may be promoted by interference with trophic functions in the vagus.

Rabbits as a rule die very quickly from pneumonia after section of the

vagi. The presence of distinct trophic fibres in the pneumogastric

nerve, however, is still somewhat problematical. This function in

this nerve, as in all nerves, probablj^ resides in the motor and sensory

neurons.

The oesophageal branch of the pneumogastric nerve forms with

its fellow of the opposite side the oesophageal plexus. We have no

very distinct knowledge of the action of these branches in disease.

They x>i'eside in health over the peristaltic action of the oesophagus

and supply sensory fibres to the upper part only of this tube. Their

action is entirely reflex or associative in character and is not properly

under the control of the will. The sensation of "globus" in hysteria

is possibly due to disorder of the oesophagus and pharynx. When the

oesophagus is the seat of any irritative lesion, such as trauma, foreign
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body, or neoplasm, its reflex action is probably manifested and may
account in part for the obstructive symptom. It is impossible, how-

ever, as a rule in such cases to distinguish between the symptoms of

mechanical obstruction and those due to reHex spasm. In some cases,

however, of slight injury to the pharynx and oesophagus a well-

marked neurotic element is present and should be recognized at its

true worth. For instance, a slight injury such as may be caused by
an irritating fluid or a foreign body, may be the starting-yjoint for

a most obstinate spasmodic action of the oesophagus on attempts at

swallowing. Food is regurgitated, and the patient frequently suffers

greatly in his general health. In such cases we may suppose that

a slight persistent lesion exists and is the starting-point for an ob-

stinate reflex neurosis. Such cases have been reported by Gull,

Pepper, and others. They often merge into true cases of hysteri-

cal vomiting, in which this symptom persists probably long after

the initial lesion has healed. Thus in a case reported by the

writer'"' the vomiting had been caused by the swallowing of an ir-

ritating fluid. It had continued for many months and had reduced

the patient to a condition of such extreme emaciation that her life

was endangered. In these neurotic cases the vomiting is usually

accomplished without effort and without nausea. It is in fact not so

much an act of vomiting as of regurgitation. The food, for instance,

does not always enter the stomach, but is rejected from the oesopha-

gus. Hence this symptom is sometimes called oesophagismus. This

subject has been discussed at length by Lasegue. In extreme cases

the efforts at regurgitation continue even when there is no food in

either the gullet or stomach, the patient merely bringing up a little

tenacious mucus. These cases can usually be distinguished from

cases of organic disease by a consideration of the cause of the malady,

the character of the vomiting, the age of the patient, who is usually

young (although not always), the absence of cachexia, and the pres-

ence of other hysterical stigmata. In these neurotic cases success

can sometimes be obtained by suggestive therapeutics. Treatment

with drugs is as a rule unsatisfactory.

The gastric branches of the pneumogastric nerve are probably not

infrequently irritated by diseases of the stomach. The fibres are

both sensory and motor. By the former probably all morbid sensa-

tions from the stomach are conveyed to the brain and vomiting is no

doubt excited through them. The motor fibres preside over the

movements of the walls of the stomach. The pain from organic dis-

ease of the stomach, and the various gastric neuralgias, are no doubt

located in the pneumogastric nerve. Very rare cases have been re-

ported in which disease at the root of the nerve has caused such
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symptoms as excessive appetite, vomiting, etc. In some cases, How-

ever, hunger and thirst have been abolished by disease of the vagus

(Johnson). The gastric crises of locomotor ataxia are probably due

to irritation of the sensory neurons, whose cell bodies are located in

the jugular and plexiform ganglia on the trunk of the nerve near its

superficial origin. Pressure on the trunk of the nerve is said to have

caused vomiting.

Although the pneumogastric nerve has connections in the ab-

domen, as, for instance, with the liver and intestines, distinct symp-
toms in these organs have not been noted in its diseases.

The treatment for diseases of the pneumogastric nerve or its more
important branches must depend of course upon their causes. Some
of this treatment has already been indicated. In organic disease,

causing irritative or paralytic symptoms, such as tumors of the neck

and anterior mediastinal space and aneurysm of the aorta and great

blood-vessels, little can be done except by surgical means, and not

always then, for relief. Drugs as a rule are of but little importance

in any affection of the vagus. In case of syphilitic meningitis at the

point of exit of the nerve from the medulla, antisyphilitic treatment

should be given a full trial. Such cases are extremely rare, however,

and their successful treatment is probably still rarer. As I have

already said, the i^oisoning by alcohol of the cardiac branches of the

pneumogastric nerve is exceedingly rebellious to treatment. Only
prolonged rest, full diet, and small doses of strychnine give good
results. Digitalis in my observation does not exert its full physio-

logical effect in these cases. A recumbent position is imperative, as

the risk of death from cardiac failure in alcoholic multiple neuritis is

not to be ignored. In the oesophagismus or reflex neurosis of the

oesophagus due to an initial irritative lesion of this tube local treat-

ment, in my observation, is not useful and is sometimes strongly

contraindicated. Exceptions occur, of course, in cases in which the

initial lesion is persistent and accessible, but the majority of these

cases need simi:)ly Avise management and projier mental impression.

The gastric branches of the pneumogastric nerve may be involved in

so many lesions of the stomach that it is impossible here to outline

a complete treatment for all these cases. This is best considered

under the head of the respective lesions. In very severe gastralgia

and in the crises of locomotor ataxia strong anodyne drugs alone give

relief. The most important of these are morphine and other opiates,

cocaine, croton chloral, atrophine, aconitine, and chloroform inter-

nally. Electricity in any of its forms is of little use in any of the

affections of the pneumogastric nerve.
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Diseases of the Eleventh Nerve.

The eleventh or spinal accessory nerve is exclusively motor. It

arises from the lower part of the medulla oblongata and from the

upper part of the spinal cord. Hence anatomists distinguish two

Fig. 27.—Apparent Origin of the Accessory Nerve of Willis, of the Pneumogastric, and of the

Glossopharyngeal Nerve. (Van Gehuchten.)

portions of the nerve: the bulbar and the spinal. The nerve is a

motor nerve similar in type to the other motor nerves of the spinal

cord with the exception that it has more numerous and more widely

located roots of origin. It is supplied exclusively to the sterno-
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cleiclomastoicl and trapezius muscles. The spinal portion of this

nerve arises from large ganglion cells in what is known as the lateral

horn of the cervical cord from the level of the first to that of the third

and sometimes fourth cervical nerves. The roots emerge from the

spinal cord on its lateral aspect. The fibres of the bulbar portion of

this nerve arise from cells of origin in what is called the nucleus am-

biguus, which is in fact a column of gray matter which exists in the

interior of the whole length of the medulla oblongata and is analogous

to the anterior horn of the spinal cord. The fibres from the spinal

portion of this nerve unite into one nerve trunk. This ascends in

the spinal canal up to the level of the bulb, entering the cranium

through the foramen magnum, and unites with the bulbar portion.

The roots of origin of the bulbar portion arise from the same sulcus

behind the olivary body from which arise the roots of the ninth and

tenth nerves. This, the accessory or bulbar portion of the nerve, is

the smaller of the two. The single nerve trunk, thus formed from

the spinal and bulbar portions, passes from the cranium by the jugu-

lar foramen. As it emerges from the cranium the nerve divides into

two main branches. The first of these, or internal branch, passes en-

tirely to the pneumogastric nerve between its two ganglia, i.e., the

jugular and plexiform ganglia. This branch is described as formed

by the fibres of the nerve which have come from the bulbar or acces-

sory i)ortion. The external branch, sujjposed to be of spinal origin,

descends in the same sheath with the tenth nerve. It pierces the

sternocleidomastoid muscle, supplying it with motor filaments, and

then passes obliquely across the suboccipital triangle, entering be-

neath the anterior border of the trapezius, to which muscle it is dis-

tributed (Gray, Van Gehuchten).

The spinal accessory may be affected by disease or accident in

various ways. Its nucleus or series of nuclei may be the seat of

degeneration along with the nuclei of other motor nerves, as, for

instance, in anterior poliomyelitis and amyotrophic lateral sclerosis.

Its two main trunks of origin—the spinal and the bulbar or acces-

sory—may be involved in meningitis or caries of the bone at the base

of the brain. One or both of them may be damaged by a tumor in

the superior cervical or bulbar region. Hemorrhages in these parts

are not common. After its passage from the jugular foramen the

nerve may be injured by tumors, abscesses, or wounds in the neck.

Injury to the nerve where it x>asses across the space between the

sternomastoid and the trapezius muscles may be inflicted by the

pressure of heavy weights carried or falling upon the shoulders. In-

flammation due to exposure to cold, such as is seen sometimes in

the facial nerve, is not common in the spinal accessory nerve.
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The symptoms of disease of the spinal accessory nerve may be

due either to irritation or paralysis. The former causes spasm ; the

latter loss of power in the muscles supplied by the nerve. The dis-

tribution of the paralysis depends of course upon the point of the

lesion. In case the nuclei are degenerated, as in amyotrophic lateral

sclerosis, both the sternocleidomastoid and the trapezius muscles

may be progressively paralyzed. In cases, however, of this disease

and of progressive muscular atrophy the upper part of the trapezius

muscle is sometimes the very last to lose power and volume and

hence was called by Duchenne the uUimum moriens. The explanation

of this fact is that the trapezius muscle is supplied only in this upper

part to any extent by the spinal accessory nerve ; the rest of its inner-

vation coming from the spinal nerves. Hence in cases in which the

upper part of the trapezius and the sternomastoid do not degenerate

the inference is that their nuclei in the lateral column of the cervical

cord do not degenerate so readily as the nuclei of the other spinal

nerves that are affected. In cases in which the nerve trunk is in-

volved anywhere in its course in the upper cervical spinal canal,

in the cranium, or in the neck, the paralysis of course involves both

the sternomastoid and the trapezius muscles. In these cases, how-

ever, the sternomastoid muscle is completely paralyzed, while the

trapezius muscle is completely paralyzed only in its upper portion,

although its other portion may be paretic. This, as already ex-

plained, is due to the fact that the trapezius is supplied in part by

the spinal nerves.

Paralysis of the sternocleidomastoid muscle interferes with rota-

tion of the chin towards the unparalyzed side. The paralysis, as a

rule, is visible only on attempts at moving the head. At such times

the inability to rotate the chin away from the paralyzed side and the

flatness and inactivity of the paralyzed muscle are very apparent,

whereas during perfect rest there may be no deformity visible except

in long-standing cases. In these latter the paralysis, combined with

wasting of the muscle, causes a loss of characteristic contour of the

neck. Paralysis of the upper part of the trapezius, i.e., the part

which originates from the occipital bone, also causes alteration in the

shape of the neck and loss of power, which are notable especially on

deep inspiration. Although the main body of the trapezius muscle

is not paralyzed, still it is rendered somewhat paretic by loss of func-

tion of the spinal accessory nerve. The shoulder falls slightly and

the scapula rotates slightly inwards, due especially to the unopposed

action of the rhomboid muscles. As under these circumstances the

deltoid muscle loses some of its basis of support, elevation of the arm

is effected awkwardly and with some difiicalty.
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In some instances of basilar meningitis both spinal accessory

nerves are involved. This maj- be seen in tuberculous meningitis in

children. In such cases the patient may be unable to hold the head

upright, the paralysis of the sternomastoids permitting it to fall

backwards, while that of the trapezius permits it to fall forwards.

Hence the head is remarkably devoid of support, falling about in

various directions when the patient is lifted upright. In some
cases of amyotroj^hic lateral sclerosis paralysis of the trapezius

and associated muscles permits the head to fall forwards with the

chin resting upon the sternum in a characteristic way. The patient

msby not have lost absolute control of the nodding movement, but

after the head has passed a certain point in bending forwards it

suddenh' loses its support and falls forwards on the chest. This

movement may be likened to the snapj)ing shut of the blade of a pen-

knife. In cases in which the nerve trunk is injured after it has

passed through the sternomastoid muscle, i.e., in the suboccipital

triangle, the trapezius muscle is of course the only one involved. In

all cases of degenerative disease of the nuclei or trunk of the spinal

accessory nerve or of injury to its trunk the reactions of degeneration

sooner or later display themselves. Exceptions occur in such slowly

degenerative diseases as progressive muscular atrophy. Wheu the

nerve trunk is injured by pressure or wounds the reactions of degen-

eration appear promptlj^ The motor points of the muscles are

located at the seats of entrance of the nerve into the muscle, and as

these are superficial and hence readily accessible the reactions of

degeneration may be very readily studied.

It has been commonly assumed in the past that the accessory or

bulbar part of this nerve supplies the laryngeal muscles through the

branch which passes from the trunk of the spinal accessory to the

pneumogastric. Hence it is claimed that when the spinal accessory

nerve is involved in its intracranial portion there is also j^aralysis of

the vocal cord. Recently, however, this origin of the motor fibres of

the vocal cord has been denied and there is reason to believe that

they proceed from the jmeumogastric nerve proper. (See section on

Pneumogastric Nerve.)

The treatment of para^iytic affections of the spinal accessory

nerve will depend upon their cause. In nuclear lesions little can be

done to stay the progress of degeneration, which usually invades the

nuclei also of many other nerves. These progressive degenerative

diseases are usually obstinate to treatment. Strychnine, electricity,

and a sup])orting diet offer the best prospects of staying the progress

of the disease, but even this treatment is usually disappointing. In
syphilitic meningitis at tlie base of the brain an antisyphilitic treat-
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ment is of course indicated. In tuberculous meningitis practically no

treatment avails. In tumors, abscesses, caries of tlie bones, and

wounds of the neck tlie treatment is largely surgical, but is not al-

ways available. In strictly peripheral lesions, such as are caused by

blows, i^ressure, and other injuries of the nerve trunk, cure is often

obtained. In these cases electricity applied to the sternocleido-

mastoid and trapezius muscles is the best. This can be supplemented

by hypodermic injections of

strychnine into the substance

of the muscle.

The following case illus-

trates very well paralysis and

atroi)hy of the muscles sup-

plied by the spinal accessory

nerve in amyotrophic lateral

sclerosis. The patient is

under the writer's care in the

Philadelphia Hospital.

A. G— -— , Italian laborer,

aged 50 years, with a history

of syphilis of fourteen years'

standing, began three and a
half years ago to have weak-
ness of the arms, coming on
gradually . He now has
marked atrophy of the muscles
of the arms, of the forearms,

shoulders, neck, and trunk.

The atrophy is so great that

many of these muscles have
There is no fibrillation

Fig. 88.—Paralysis of the Trapezius Muscles in a

Case of Amyotrophic Lateral Sclerosis. (Philadel-

phia Hospital.)

apparently completely disappeared.
The sternomastoid and trapezius muscles

(as can be seen in the illustration) have almost entirely disappeared.
Their paralysis and loss cause marked dropping of the head forwards
upon the chest, as well as backwards. The sternomastoid, in fact,

can only be made out as a thin fibrous cord. The patient has exag-
gerated knee-jerks and a feeble and spastic gait. Sensation is not
involved and the pupils react normally. There is no muscular atro-

phy of the legs. In this case the affection of the spinal accessory
nerve is undoubtedly nuclear and the nerve is involved with many
other nerves, especially those arising from the cervical enlargement
of the spinal cord. The diagnosis of amyotrophic lateral sclerosis

is indicated in this case by the muscular atrophy of the upper limb
and shoulder girdle, by the spastic and feeble gait, by the absence of

sensory symptoms, and by the exemption of the bladder and rectum.
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Torticollis.

Spasmodic affection of the muscles supplied by the spinal acces-

sory nerve are seen especially in the disease known as torticollis or

wry-neck. In this affection, however, it is not uncommon for other

muscles beside the sternomastoid and trapezius to be affected; hence

this disease cannot properly be said to be a disease exclusively of the

spinal accessory nerve. As, however, it is shown most conspicuously

in the two muscles supplied by this nerve it cannot be ignored in

discussing the pathology of the eleventh nerve.

Spasm of the sternomastoid, trapezius, and associated muscles of

the neck is an obscure affection so far as its essential causes and

pathology are concerned. It has been attributed to cold, to over-

exercise, and to injury. The relative importance of these causes can-

not be accurately estimated with our present knowledge. In some
cases an initial stage of pain and stiffness in the affected muscles

seems to indicate that the lesion, whatever it is, is irritative or in-

flammatory in type.

Wry-neck or torticollis usually begins gradually; in very rare

cases, however, there may be a sudden explosion, as it were, of the

disease. In the usual form, however, there may be an initial stage

of pain and tenderness in the affected muscles, while these become

stiff and the head consequently is held in an awkward, painful posi-

tion. This spastic or tonic stage after a while gives way to the inter-

mittent or paroxysmal stage, although the exact type varies in differ-

ent cases. In some cases, for instance, there is always more or less

spasticity and contracture of the affected muscle, and this is aggra-

vated at short intervals by paroxysms in which the muscles contract

even to their full extent. In other cases the type is more purely in-

termittent or paroxysmal. The contraction may almost if not quite

relax, the patient's head assumes a normal position, then in a few

moments the muscles begin again to contract, passing through a

full stage of extreme physiological activity. In some cases this

contraction is steady and tonic; in others it is clonic, the muscles

jerking the head in a series of short, even rhythmical contrac-

tions.

The exact muscles affected in torticollis vary greatly. As a rule,

however, one or other, or both muscles supplied by the spinal acces-

sory nerve are involved. The disease, in fact, may be said to expend
its greatest force through this nerve. In many cases, however, it is

not confined to them, other muscles of the neck, face, shoulder, and
even ux)per arm being implicated. Occasionally it is confined to only
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one muscle; when this is the case the muscle involved is usually the

sternocleidomastoid.

The symptoms dei)end upon the muscles involved. When the

sternocleidomastoid is the chief muscle affected the head is drawn

downwards and backwards and towards the affected side, while the

chin is protruded forwards and upwards towards the other side.

When the trapezius is involved the shoulder is somewhat elevated

and the head drawn still further backwards. Double torticollis, in

which the muscles on both sides are involved, is occasionally seen.

In this form the head is drawn directly backwards towards the

shoulders, the face being held upwards. This is called retrocollic

spasm and is usually seen in children. It is associated with other

symptoms of brain disorder and is probably due to meningitis or

some irritative lesion at the base of the brain or in the cerebellum.

As a rule torticollis is not painful. In most cases, however, it is

naturally associated with great mental depression, as the patient is

not only annoyed by it but is even prevented from attending to many
of the ordinary avocations of life.

In cases which begin early in life there is often an apparent de-

formity in the side of the head and neck. Wilks claimed that facial

asymmetry ma}^ be seen on the contracted side. This side of the

head seems to be smaller than the other and the eye to be lower

(Hamilton).

The course of torticollis is usually obstinate and progressive.

The prognosis, however, especially in young persons, is not neces-

sarily bad. Kecovery occasionally occurs under judicious treatment

or even spontaneously.

The pathology of torticollis is as yet quite obscure. The disease

is usually claimed to be due to some affection of the spinal accessory

nerve, but as it frequently extends and involves muscles not supplied

by this nerve this explanation is not tenable in all cases at least.

Exj)lanation has been sought in the possible irritation of the nerve

roots or the intracranial course of the nerve trunk by meningitis, but

observations, as a rule, are lacking in confirmation of this. It has

even been suggested by some that the lesion in some cases may be

cortical; in other words, that the motor centres for the affected

muscle in the brain cortex may be involved, but this explanation is

based largely upon speculation. In a very few cases autopsy has re-

vealed some gross lesion, such as meningitis or a tumor upon or within

the medulla. Such cases, however, are at^'pical. In the great ma-

jority of cases autopsy has revealed nothing. It is even possible that

the lesion may be in the muscles themselves, acting as an irritant on

the nerve endings.
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The treatment of torticollis with drugs is often most unsatisfac-

tory. Morphine, gelsemium, conium, cannabis indica, chloral, the

bromides, and other sedatives, give, as a rule, only temporary relief.

The danger from their use is that the patient may become addicted to

them. This is true especially of morphine and chloral. Gelsemium

is highly lauded, but its value has been distinctly overestimated. In

early cases perfect rest in bed should be enjoined for a long time.

This gives the muscles complete rest and is a useful adjuvant to

drugs. Electricity is of no value whatever in this disease. Appa-

ratus intended to hold the head forcibly at rest may seem to do tem-

porary good, but, as a rule, such ai:)paratus cannot be worn for a

long period. It will not stop the spasm and becomes very irksome

to the patient and irritating to the parts upon which it makes efficient

pressure. Surgery offers relief in some of these cases. The tendons

of the affected muscles have been divided in some cases with bene-

fit. The most common operation is division of the spinal accessory

nerve; in some cases the nerve has been merely stretched. According

to Keen'"^ the nerve may be reached by an incision either along the

anterior or posterior border of the sternocleidomastoid muscle. Keen
has also performed resection of the posterior cervical nerves for torti-

collis. In three of his four cases the result has been good. These

nerves supply the splenius, the rectus capitis, and the obliquus infe-

rior muscles. The operation is somewhat complicated and need not

be described here in detail. From what has been said, it follows that

division of the spinal accessory nerve alone is not sufficient to cure

torticollis in all cases. This is b^ause, as already explained, the

disease is not always confined to the muscles supplied by this nerve.

Diseases of the Twelfth Nerve.

The twelfth or hypoglossal nerve is exclusively motor and is sup-

plied to all the muscles of the tongue. Its deep or nuclear origin is

in the gray substance of the medulla oblongata, just beneath the floor

of the fourth ventricle close to the median line. The cells of origin

of the nerve are of the motor type. Their axis cylinders pass trans-

versely forward and through the medulla, passing through a portion of

the olivary body, and leave the bulb by the fissure between the pyra-

mid and the olive. The protoplasmic processes of these cell bodies

{i.e., the dendrons) interlace with each other, and the more internal

ones interlace with those of the opposite side, constituting thus a

commissure between the neuclei of the two nerves analogous to that

which is found between the multipolar cells of the spinal nerves
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(Van Geliucliten). The nerve fibres in these two nuclei form a dense

plexus and are no doubt in jiart the terminal and lateral arboriza-

tions of fibres coming from other systems of neurons deeper within the

nervous system to put these in contact with the i)eripheral motor

neurons of the liyi)oglossal nerve. Many of these doubtless are the

terminations of the axis cylinders coming by way of the i)yramidal

tract from the motor cells of the cerebral cortex of the opposite side.

Other of these fibres probably form connections with sensitive tracts

having relations with the pneumogastric, the glossopharyngeal, and
the trigeminal nerves. According to Van Gehuchten it is not yet

proved whether or no there is any decussation between the fibres of

the hypoglossal nerves. Such decussation does not exist between the

motor spinal nerves. Duval and Kolliker deny such a decussation

for the hypoglossal nerve.

Froriep and Beck "' claim to have found a well-marked dorsal

root for the hypoglossal nerve in artiodactyles, carnivora, and
some other groups. This root is much reduced in size in certain

other groups, and is absent in some. The hypoglossal nerve thus

resembles a spinal nerve. The first cervical nerve shows a poorly

developed dorsal root. These authors, however, do not claim that a

dorsal or sensory root to the hypoglossal nerve is found in man.

The superficial origin of the hypoglossal nerve is by ten or twelve

small fasciculi which issue from the medulla oblongata, as already

said, in the fissure between the pyramid and the olive. These unite

to form two main roots, which penetrate separately the dura mater

and then unite to form one nerve trunk, after their passage from

the skull by the anterior condyloid foramen. The nerve descends in

the neck to a level with the angle of the jaw in close proximity to

the pneumogastric nerve. It then passes forwards close beneath the

occipital artery and to the outer side of the common carotid. Its

terminal muscular branches are distributed to the styloglossus, hypo-

glossus, and geniohyoid muscles.

The anastomosing branches of the hypoglossal nerve are as fol-

lows : First, with the superior cervical ganglion of the sympathetic

;

second, with the plexiform ganglion of the pneumogastric nerve;

third, with a loop joining the first two cervical nerves. According to

HoU, quoted by Van Gehuchten, this anastomosis carries fibres from

the cervical nerves to the hypoglossal nerve, and these probably pass

to the thyrohyoid and geniohyoid muscles. Fourth, there is an an-

astomosing branch with the lingual or gustatory branch of the fifth

nerve. It is from these numerous anastomoses that the hypoglossal

nerve, originallj^ motor, receives sensory filaments.

The principal branches of the hypoglossal nerve are the descend-

VoL. XI.—16
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ing branch (called by English anatomists the descendetis iwni), the

recurring branch, the branch to the anterior belly of the omohyoid,

a branch to the thyrohyoid, and a branch to the geniohyoid. Finally

its terminal branches pass to all the muscles of the tongue.

From this distribution it is seen that the hypoglossal nerve is the

motor nerve not only of the tongue but of some of the muscles, both

elevator and depressor, of the hyoid bone. The fibres, however,

which supply the depressors of the li^^oid bone are, according to HoU,

as already said, not derived from the hypoglossal nucleus but from

the first two cervical nerves. The action of these various muscles

is first to move the tongue in different directions, both protrusion

and retraction, and also in its various movements in the actions of

rolling the bolus in the mouth during chewing and swallowing;

second, to depress and elevate the hyoid bone in the movements of

deglutition.

The hypoglossal nerve may be affected by various diseases and

accidents. Its nucleus in the medulla oblongata may be the seat of

degenerative changes, but these are usually associated with similar

changes in the nuclei of other nerves, especially the glossopharyngeal.

This degeneration is seen especially in the affection known as labio-

glosso-pharyngeal paralysis. The nucleus of the nerve may also be

involved by hemorrhages or tumors in the medulla. The fibres of

origin of the nerve may be involved in meningitis, especially syphi-

litic, and by tumors or caries of the bone at the base of the brain near

the exit of the nerve. The trunk of the nerve after it passes through

the cranium may be injured by wounds and by various surgical lesions

of the neck, as tumors, abscesses, etc. The trunk of the nerve, how-

ever, is rarely, if ever, the seat of either a simple or specific neuritis.

The tongue is not infrequently paralyzed by cranial lesions above the

nucleus of the hypoglossal nerve in the medulla. For instance, one-

haK is not infrequently paralyzed in hemiplegia from hemorrhage

or embolic softening involving the motor fibres in the internal capsule.

But all such cases must be distinguished from those that arise

from strictly peripheral lesions, which alone concern us here.

The fiymptoms of involvement of the nucleus or trunk of the hypo-
glossal nerve are paralysis of the side of the tongue to Avhicli the

nerve is supplied. The paralysis is entirely motor, as the hj'po-

glossal nerve supi)lies no sensory fibres to the tongue or neigh-

boring parts. When one-half of the tongue is paralyzed the

symptoms are highly characteristic and easily recognized. On pro-

trusion the tongue deviates towards the paralyzed side. This is for

the obvious reason that the unopposed muscles of the unparalyzed

side push the tongue not only out of the mouth, but being unop-^
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posed propel it towards the side of the lesion. The movements of

the tongue within the mouth are also conspicuously embarrassed.

The movement of the paralyzed side is of course defective. Chewing
is done awkwardly because the patient cannot keep the food between

the teeth on the unparalyzed side. Still in some cases this defect is

not so api^arent as would be supposed. Swallowing may also be done
awkwardly, for the reason that the tongue cannot propel the food with

its normal strength and precision into the pharynx. In swallowing

liquids, especially in the act of sucking, this deficient power of the

tongue may be more apparent. In cases of nuclear degeneration of

the hypoglossal nerve the lesion is almost without exception bilateral.

In these cases the tongue lies inert and flabby on the floor of the

mouth and all its normal activities in chewing, swallowing, and
articulation are impaired. Speech under these circumstances is

much interfered with, all the speech sounds depending on the

proper use of the tongue being of course abolished or almost abol-

ished. Finally in peripheral lesions of the hypoglossal nerve, i.e.,

in lesions of its nucleus or trunk, trophic changes occur. The tongue

wastes, becomes fissured or puckered into folds, and its electrical re-

actions are altered. Thus in severe cases faradic contractility may
be entirely abolished, but the reactions of degeneration to galvanism,

although probably present, are rather difficult to demonstrate. Taste

is not truly abolished by paralysis of the hypoglossal nerve, but it is

somewhat blunted by the inability of the tongue to roll sapid sub-

stances over its surface.

E. Ballard '" relates a case of paralysis of the hypoglossal nerve

followed by sloughing of the tongue. The patient, an old man aged
seventy-eight, had a sudden paralysis of the right side of the tongue

associated with speech defects and occipital pain. Extensive slough-

ing, which resulted in loss without hemorrhage of the entire right side

of the tongue, occurred. The patient eventually recovered. No
mention is made of hemiplegia, but the case is rather imperfectly

reported. The presence of aphasic symptoms would indicate a

central lesion, but, on the other hand, the rapid and extensive slough-

ing of the tongue Avould seem to indicate an involvement of the hypo-
glossal nerve or its nucleus.

Habershon'"' reports a case of cancer of the cervical vertebrae vnth.

paralysis of the right hypoglossal nerve. The patient protruded the

tongue towards the paralyzed side, and that side of the tongue was
flaccid and wrinkled. She had difficulty in managing her food. She
was obliged to keep it in the middle of the mouth ; if she let it pass

to the side her tongue could not deal with it. The sternohyoid mus-
cle on the right side was also paralyzed. This was especially notable
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when the muscle was exercised in raising the head ; the left sterno-

hyoid then started forwards, but the right was not seen and a deep

hollow was left between the sternomastoid muscle and the larynx.

This muscle also failed to contract when the patient swallowed.

Electro-contractility^ was abolished on the right, but preserved on the

left side of the tongue. There was also slight paralysis of the facial

nerve. The autopsy revealed a cancerous mass involving the basilar

process, and compressing the nerves mentioned.

The cUag}}osis of joaralysis of the hypoglossal nerve is so clearly

indicated by the paralysis of the one side of the tongue that it can

scarcely be mistaken. The diagnosis of the exact lesion that causes

the paralysis and of its precise location ma^-, however, be a matter of

some difficulty. In paralysis of one-half of the tongue, due to a cen-

tral lesion {i.e., a lesion above the nucleus of the hypoglossal nerve),

there are always associated symptoms which point more or less

clearly to the site of the lesion. Thus in hemorrhage or embolic

softening in one cerebral hemisphere—as, for instance, that which

occurs so frequently in the internal capsule—the hemiplegia and

facial paralysis are even more consi)icuous symptoms than the

jjaralysis of the tongue. In all central lesions, moreover, the pa-

ralysis of the tongue is not associated with muscular atrophy and
reactions of degeneration in that organ. Moreover, the character

of the paralysis itself admits usually of some distinction. In pe-

ripheral palsies, i.e., those due to lesions of the nucleus or nerve

trunk, the paralysis is more nearly absolute than in cases of

central lesions. Nuclear disease of the hypoglossal nerve is usu-

ally bilateral, but a unilateral lesion involving the hypoglossal nu-

cleus might be associated with a hemiplegia of the opposite side,

thus presenting a crossed hemiplegia and hypoglossal paralysis.

This would be so, however, only in case the lesion was located

above the decussation of the pyramids. In case of a bulbar le-

sion, all the fibres of the nerve might be involved, consequently

all the muscles, not only of the tongue, but of the elevators of the

hyoid bone, would be paralyzed. In cases of lesions in the neck,

in which the nerve is injured below any of its main branches, the

muscles supplied by these branches would of course escape. Thus
if the descendens noni were not involved, the omohyoid, sternohyoid,

and sternothyroid muscles would escape. These muscles also would
escape in case the nerve were injured by any lesion above its anastomo-

sis with the superior cervical nerve, because the fibres of this descen-

dens noni are probably supplied entirely from the superior cervical

nerves. In degenerative lesions of the nuclei of the hypoglossal nerve

the affection is bilateral and associated with similar lesions in the
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nuclei of some of the other bulbar nerves. The cardinal distinction,

finally, of a nuclear or peripheral lesion of the hj^poglossal nerve is

the muscular atrophy associated with the reactions of degeneration.

The prog)ios is in any case of paralysis of the hypoglossal nerve

depends, of course, upon the nature of the lesion. As a general

rule the prognosis of the peripheral palsy (of which we here alone

speak) from whatever cause is unfavorable. Nuclear degeneration of

the hypoglossal nerve as it occurs in labio-glosso-laryngeal paralysis

is an inveterate and progressive malady, and as a rule is but little

influenced by any treatment. In gross lesion at the base of the brain,

such as tumor, hemorrhage, bone disease, and meningitis, the prog-

nosis is also necessarilj^ unfavorable. Even in syphilitic meningitis

treatment is often disappointing.

In cases of surgical lesions of the neck involving the hypoglossal

nerve, the treatment of course will be surgical, according to the nature

of the lesion. If it is thought worth while to apply electricity, this

can be done by means of an appropriate electrode introduced into the

mouth and pressed directly upon the tongue. Strychnine is possibly

a useful drug in some cases of nuclear degeneration, but it too is

often disappointing.

DISEASES OF THE SPINAL NERVES.

Morphological Note.

The spinal nerves present a special type, in this respect differing

from most of the cranial nerves. This tyjje consists in their having

anterior or ventral and posterior or dorsal roots. The anterior root

is composed almost entirely of motor fibres, which are, in fact, 'the

axis cylinders of a series of peripheral motor neurons, whose cell

bodies are located in the anterior horn of the gray matter of the

spinal cord. The posterior root presents on its trunk a large gan-

glion, and is composed almost exclusively of sensory fibres, which are

the axis cylinders of a group of peripheral sensory neurons which

are located in this ganglion. Thus the anterior and posterior roots

differ from each other both in their functions and in the point of

origin of their fibres, the motor cells being located within the

spinal cord, while the sensory cells are located outside of the spinal

cord in the ganglion of the posterior root. Although, as just said,

the anterior root is essentially^ motor, yet it must be recalled

that a few sensory fibres are included in it, which are derived from

the ganglion on the posterior root and which reach the anterior

root by way of the junction of the two. The anterior and posterior
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roots unite a short distance after leaving tlie spinal cord, to form one

common nerve trunk. This junction is peripherad to the ganglion on

the posterior root, which is situated just within the intervertebral

foramen. The only exception to the general plan or t^^pe just

described is in the posterior root of the first cervical nerve, which

frequently has no ganglion upon it (Gray). As noted above, Froriep

and Beck have found a posterior or dorsal root of the hypoglossal

nerve in certain animals, and there is also a tendenc}^ of the first cer-

vical nerve to develop this root imperfectly.

The motor neurons whose fibres form the anterior root have their

cell bodies in the anterior horn of the gray matter of the spinal cord.

The axis cylinder, leaving its cell body, pushes forwards through the

white matter and appears upon the anterolateral surface of the cord,

whence it is continued through the nerve trunk to its point of distri-

bution in the muscle. Its dendritic or protoplasmic processes, freely

anastomosing with those of its fellows in the spinal cord, constitute

the recejjtive fibres for the set of deeper neurons whose cell bodies

are located in the brain cortex. Some of these dendrons pass to the

opposite side of the cord through the anterior white commissures,

thus establishing connections but not true anastomoses with the motor

cells of the two sides (Van Gehuchten, Kolliker, Ramon y Cajal).

The sensory neurons whose axis cylinders constitute the posterior

root have an entirely different origin from the motor. Their cell

bodies are located in the ganglion on the posterior root. From its

cell body in this ganglion the neuron projects its axis cylinder for-

wards in the posterior root into the spinal cord. Towards the

periphery it projects another process, which is also morphologically

like a meduUated axis cylinder, and this constitutes a sensory fibre

in the spinal nerve and passes to its point of distribution in the

skin or mucous membrane. When the axis cylinder of the sensory

nearon passes into the posterior column of the cord, it divides

into two branches, one of which ascends and the other descends.

These fibres are variously distributed in the central nervous system.

Some pass into the posterior gray horn. The longer tracts pass up-

wards through the column of Burdach, and then into the column of

Goll, and thus to the nuclei of the posterior columns of the medulla

(Jakob). These nuclei are the starting-point for a new series of

sensory neurons, whose axis cylinders are projected upwards into the

brain mass. The fibre passing from the cell body of the sensory

neuron in the ganglion of the posterior root towards the periphery

constitutes, as already said, the sensory fibre of the nerve trunk. It

is medullated and in every respect resembles a motor axis cylinder.

Some histologists have claimed, however, that this fibre rejjresents
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the dendron of the sensory neuron. It may be recalled here that

Lenhossek demonstrated that the sensory neuron in the earthworm

is located just within the epithelium of the skin, and that conse-

quently its axis cylinder is properly the fibre which extends from this

cell body towards the central nervous masses.

By analogy it would

seem that the true axis

cylinder of the peri-

pheral sensory neuron

in the higher animals

is the prolongation

from the posterior
ganglion into the

spinal cord, and not

the fibre from this

ganglion through the

nerve trunk to the periphery. While

the posterior roots are described as es-

sentially sensory, it must be recalled

that they contain some fibres from cell

bodies located in the posterior horn of

the spinal cord, and that these fibres

should be considered, according to Van
Gehuchten, as centrifugal or motor

fibres.

The spinal nerves, formed as just de-

scribed from their posterior and anterior

roots, pass through the intervertebral

foramina to their places of distribution.

There are thirty-one pairs of these

spinal nerves, which are divided

by anatomists into groups as fol- ^^

lows: Cervical, eight pairs; dorsal, twelve

pairs ; lumbar, five pairs ; sacral, five pairs

;

coccygeal,* one pair.

Each group corresponds in name and fig. 29. -Diagram showing the

1 -n ji i 1 -J.! i Groupings and Plexuses of the
number with the vertebrae, with two excep- gpinai Nerves. (After Baker.)

tions. The cervical group, for instance,

comprises eight pairs. This is due to the fact that the first pair of

spinal nerves is included in this group, although it leaves the spinal

canal between the occipital bone and the arch of the atlas, thus giving

* There are in reality three pairs of coccygeal nerves, but two of them are rudi-

mentary and are only microscopic in size.

Lumbar

- -Sacral
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to the group one more pair of nerves tlian there are cervical verte-

brge. Again, in the coccygeal region there is but one pair of nerves,

and not a pair for everj- vertebra in the coccyx.

The trunks of the spinal nerves do not all escape from the spinal

canal exactly at a level with their points of origin in the spinal cord.

With the exception of the first pair of cervical nerves, they all have

a short descending intraspinal course, whicli increases in length for

each pair of nerves from above downwards. Thus the first pair of

cervical nerves i^asses out from the spinal canal between the occipital

bone and the arch of the atlas after a very short almost transverse

course across the spinal cavity, but the second jjair bends slightly

downwards before reaching the foramina between the atlas and the

axis. The third pair lias a still longer course within the spinal canal

before reaching their foramina, and so on down the whole extent of

the cord, the intraspinal course of each pair being slightly longer than

that of the preceding pair. In the lower dorsal and especially in the

lumbar region this intraspinal course of the nerve trunks becomes

quite prolonged. The nerves of the lumbar enlargement of the cord,

in fact, have such a long intraspinal course before reaching their re-

spective foramina that they quite fill up the lower portion of the

spinal canal far below the termination of the cord, and this intra-

spinal group of lumbar and sacral nerves is called the cauda equina.

The cervical, lumbar, and sacral nerves do not pass directly to

their points of distribution, but in each group the members unite

with each other to form a plexus, and this plexus gives origin to the

various nerve trunks. These plexuses will be described in their

proper places. The dorsal nerves, however, do not form a plexus,

but each nerve trunk passes directly out to its point of distribution.

The course of the spinal nerves within the spinal canal is shown

in the accompanying diagram (Fig. 29) . This intraspinal course of

these nerves must be thoroughly understood by the student of ner-

vous disease, in order that he may be accurate in localizing le-

sions, l)oth in the spinal cord and in the nerve trunks. It will be

seen that practically none of the spinal nerves, excepting the first,

arises in the spinal cord on a level with its point of exit from the

canal. Thus, for instance, the fifth cervical nerves originating in

the fifth spinal segment arise from the cord at a point on a level

with the space between the third and fourth vertebrae, but leave the

spinal canal by the foramina between the fourth and fifth vertebrae,

and that this point of exit from the canal is still some distance above

the spinous ])rocess of the fifth vertebra. Farther down tlie cord this

intraHi)i]ial course is much prolonged. In the dorsal region tlie spinal

nerves do not emerge from the canal until they have gone the distance
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of almost or quite the length of two vertebrae. In the lumbar cord

this intraspinal course is still greater. The cord itself terminates at

a point midway between the first and second lumbar spines, but the

lumbar and sacral nerves pursue a long course from this point through

the lower end of the spinal canal until they reach their respective fo-

ramina. From this arrangement it is seen that some diseases within

the spinal canal, especially at its lower end, are practically peripheral

diseases, because they involve the trunks of the nerves and produce

symptoms exactly similar to those that are produced by lesions

outside of the spinal canal.

Localization op the Functions op the Segments op the Spinal Coed.

Segment. Muscles. Reflex and Centres. Sensation.

First cervical

Second and
third cervi-
cal.

Fourth cervi
cal.

Fifth cervi-
cal.

Sixth cervi-
cal.

Seventh cer-

vical.

Rectus lateralis.
Rectus capitis.
Anticus and posticus.
Sternohyoid.
Sternothyroid.

Sternomastoid.
Trapezius.
Scaleni and neck.
Omohyoid.
Diaphragm.

Diaphragm.
Deltoid.
Biceps.
Coracobrachialis.
Supinator longus.
Rhomboid.
Supra- and infraspi-
natus.

Deltoid.
Biceps.
Coracobrachialis.
Brachialis anticus.
Supinator longus.
Supinator brevis.
Deep muscles of shoul-
der blade.

Rhomboid.
Teres minor.
Pectoralis (clavicular
part).

Serratus magnus.

Deltoid.
Biceps.
Brachialis anticus.
Subscapular.
Pectoralis (clavicular
part)

Seri-atus magnus.
Triceps.
Pronators.
Rhomboid.
Latissimus dorsi.

Triceps (longhead).
Extensors of wrist and

fingers.
Pronators of wrist.
Flexors of wrist.
Subscapular.
Pectoralis (costal

part).
Serratus magnus.
Latissimus dorsi.
Teres ma.ior.

Hypochondrium (?).

Sudden inspiration produced
by sudden pressure beneath
the lower border of ribs.

Pupillary (fourth cervical to
second dorsal).

Dilatation of the pupil pro-
duced by irritation of neck.

Scapular (fifth cervical to first

dorsal). Irritation of skin
over the scapular produces
contraction of scapular
muscles.

Supinator longus.
Tapping the tendon of the
supinator longns produces
flexion of forearm.

Triceps (fifth to sixth cer-
vical). Tapping elbow ten-
don produces extension of
forearm.

Posterior wrist (sixth to
eighth cervical). Tapping
tendon causes extension of
hand.

Anterior wrist (seventh to
eighth cervical). Tapping
anterior tendons causes
flexion of wrist.

Palmar (seventh cervical to
first dorsal). Stroking palm
caus.es closure of fingers.

Back of head to vertex and
neck. (Occipitalis major,
occipitalis minor, auricu-
laris magnus, superflcialis
colli, and supraclavicular.)

Neck.
Shoulder, anterior surface.
Outer arm . ( Supraclavicular,
circumflex, external muscu-
locutaneous, cutaneous.)

Back of shoulder and arm.
Outer side of arm and fore-
arm to the wrist. (Supra-
clavicular, circumflex, ex-
ternal cutaneous, internal
cutaneous, posterior spinal
branches.

)

Outer side and front of fore-
arm.

Back of hand, radial distri-
bution. (Chiefly cutaneous,
internal cutaneous, radial.)

Radial distribution in the
hand.

Median distribution in the
palm, thumb, index, and
one-half middle finger. (Ex-
ternal cutaneous, internal
cutaneous, radial, median,
posterior spinal branches.

)
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Localization of the Functions of the Segments of the Spinal Cord. —
Continued.

Segment.

Elighth c e r

vical.

First dorsal.

Second d o r
sal.

Second to
twelfth
dorsal.

First lumbar.

Second lum-
bar.

Third 1 u m
bar.

Fourth lum-
bar.

Fifth 1 um -

bar.

First and
second sa-
cral.

Third, fourth,
and fifth

sacral.

Muscles.

Triceps (long head)
Flexors of wrist and

fingers.
Intrinsic hand muscles

Extensors of thumb
Intrinsic hand muscles
Thenar and hypothe
nar muscles.

Muscles of back.
Erectores spinse.

None.

Vastus intemus.

Sartorius ; adductors
of thigh.

Flexors of thigh.

Extensors of knee.
Adductors of thigh.

Outward rotators.
Flexors of knee.
Flexors of aukle.
Peronei.
Extensors of toes.

Calf muscles.
Glutei,
Peronei.
Extensors of ankle.
Small muscles of foot.

Peronei.
i\Iuscles of bladder,
rectum, and exter-
nal genitals.

Reflex and Centres.

Epigastric (fourth to seventh
dorsal). Tickling mam
raary region causes retrac
tion of the epigastrium.

Abdominal (seventh to elev
enth dorsal). Stroking side
of abdomen causes retrac
tion of belly.

Vasomotor centres. Second
dorsal to second lumbar.

Cremasteric (first to third
lumbar). Stroking inner
thigh causes retraction of
scrotum.

Patellar. Striking patella
tendon causes extension of
leg.

Gluteal (fourth to fifth 'lum-
bar). Stroking buttock
causes dimpling in fold of
buttock.

Achilles tendon. Over-ex-
tension causes rapid flex-
ion of ankles, called ankle
clonus.

Plantar (fifth lumbar to sec-
ond sacral). Tickling sole
of foot causes flexion of
toes and retraction of leg.

Genital centre.
Vesical centre.
Anal centre.

Sensation.

Ulnar area of hand, back, and
palm; inner border of fore-
arm. (Internal cutaneous,
ulnar.

)

Chiefly inner side of forearm
and arm to near the ax-
illa. (Chiefly internal cu-
taneous and nerve of Wris-
berg or lesser internal cu-
taneous.)

Inner side of arm near and
in axilla. (Intercosto-
humeral.

)

Skin of chest and abdomen,
in bands running around
and downwards,correspond-
ing to spinal nerves.

Upper gluteal region. (In-
tercostals and dorsal pos-
terior nerves.)

Skin over groin and front of
scrotum. (Iliohypogastric,
ilioinguinal.)

Outer side and upper front of
thigh. Lumbar region.
((Jenitocrural, external
cutaneous.)

Front and outer side of thigh.
Inner side of leg and foot.

Inner side of thigh, leg and
foot. (Internal cutaneous,
long saphenous, obturator.)

Back of thigh and outer side
of leg and ankle; sole; dor-
sum of foot. (External
popliteal, external saphe-
nous, musculocutaneous,
plantar.

)

Back of buttock and thigh,
side of leg and ankle; sole;
dorsum of foot.

Circumanal region, anus, rec-
tum, penis, urethra, vagina,
perineum. (Small sciatic,
pudic, inferior h em o r -

rhoidal, inferior pudendal.

)

The distribution of the spinal nerves can be best shown in tabu-

lar form. The above table, taken from Dana and founded upon
observations of Starr, Mills, Thorburu, and others, gives the rela-

tions merely of each x^air of cervical nerves by segments. The table

does not show, however, the various nerve trunks Avhich supply'
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individual muscles or muscle groups, since tliese individual nerve

trunks arise (except in the dorsal region) , not from the roots of the

spinal nerves directly, but from the plexuses which are formed by the

junction of the various groups of nerves. The table, however, is of

value to the student of peripheral nervous diseases for the reason

that it gives the relations of the various muscles, reflexes, and areas

of sensation to the various spinal nerve roots. Hence it indicates

what particular groups of sensory and motor neurons preside over the

various muscles, reflexes, and sensory areas.

In describing the diseases of the spinal nerves I shall take them as

nearly as possible in order from above downwards. The plexuses

formed by the upper cervical, by the lower cervical and two first dorsal,

by the lumbar, and by the sacral nerves will be described in turn, and

the diseases which affect each one of these plexuses as a whole will also

be described. As, however, many of the most important nerves of the

body arise from these plexuses, they will be described in due order

rather with reference to the plexus from which they arise than with

reference to the individual spinal nerves through which their fibres

can be traced. Thus the musculospiral nerve will be described as

one of the branches of the brachial plexus, and the sciatic nerve as

one of the branches of the sacral plexus. No special attempt will be

made to indicate from what particular segment of the cord these

nerves originate, and consequently by what particular spinal roots

they leave the cord. It is well known that most of the large nerve

trunks of the arms and legs contain fibres from several segments of

the cord, and that consequently they cannot be described as originat-

ing from any particular spinal nerve. Moreover, the symptoms of

diseases and injuries of the nerve trunks are shown entirely in their

peripheral distribution. Consequently their affections, to be thor-

oughly understood, do not require as a matter of first importance an

accurate knowledge of the location of the cell bodies of their neurons

in the spinal cord and intervertebral ganglia. In cases, however, in

which for any reason it may be necessary or desirable to trace the

exact connection of any particular nerve trunk with any particular

spinal root or spinal segment, this can be done by reference to the

above table.

Diseases of the Cervical Plexus.

The cervical plexus is formed from the anterior branches of the four

upper cervical nerves. The roots of these four cervical nerves increase

gradually in size from the first to the fourth, and the posterior roots

are much larger than the anterior in the proportion of three to one,

except in the case of the first cervical nerve. This proportion is
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much greater than at other levels of the cord (Gray). Each of these

cervical nerves divides as it passes from the spinal canal into two

branches, an anterior and posterior, and it is from the anterior that

the cervical plexus is formed. The chief branches of the cervical

plexus go to the skin about the neck and occiput. It supplies a few

muscles with motor nerves, and these muscles are among those that

are sometimes affected in torticollis. The chief branch of the cervical

plexus is the phrenic nerve, which is supplied to the diaphragm.

Diseases of the cervical plexus as a whole are very rare. These

nerve roots and the plexus which they form may be involved in a

number of lesions. Caries of the vertebrae or at the base of the skull,

abscesses, tumors, and other surgical lesions such as wounds, might

occasionally involve some of these nerve trunks. They are involved

also sometimes in torticollis, for, as already explained, this disease

is not always confined to the muscles supplied by the spinal accessor}'

nerve. In some general diseases, such as progressive muscular atro-

phy and amyotrophic lateral sclerosis, the muscles supplied by all the

cervical nerves may be involved. Occasionally a tonic or spastic

contraction of the muscles about the base of the skull is seen. This

may be caused especially by meningitis. The nerve trunks forming

the cervical plexus may also be involved in the grave forms of post-

cervical neuralgia presently to be described.

Diseases of the Phrenic Nerve.

This nerve, also called the internal respiratory nerve of Bell, arises

from the third and fourth cervical nerves. In descending through the

neck it passes between the subclavian artery and subclavian vein. In

the chest its most important relations are with the root of the lung,

the pericardium, and the pleura. Upon reaching the diaphragm it

divides and its branches separately pierce that muscle, to be distrib-

uted to its under surface (Gray). In addition to its terminal

branches in the diaphragm the phrenic nerve gives small branches to

the pericardium and pleura, and has connection with the sympathetic,

and with the fifth and sixth cervical nerves.

The phrenic nerve, owing to its deep course, is well i^rotected

from external injury. Still it is occasionally impaired by blows and

wounds of the neck, and sometimes in surgical operations on these

parts. It may also be involved in caries of the bones of the spine.

It is rarely if ever the seat of inflammation due to cold, but it may be

involved in multiple neuritis, especially in those forms due to diph-

theria and beriberi. In alcoholic multiple neuritis the phrenic nerve

is possibly also sometimes involved.



DISEASES OF THE rHllENIC NERVE. 253

Paralysis of both i^lirenic nerves causes complete paralysis of tlie

diapliragm. This symptom, although quite characteristic, may readily

be overlooked. As the diaphragm when paralyzed fails to descend

with each iusi)iration, the abdominal contents of course do not descend;

the upper part of the abdomen consequently does not jjrotrude, but is

inactive or even permanently retracted. A comi)ensatory action of the

other respiratory muscles is sometimes observed, causing increased

activity of the movements of the upper i:)art of the thorax, hence i)ro-

ducing what is called the upi^er costal type of respiration. Bilateral

I)aralysis of the jjlirenic nerve does not necessarily embarrass resjnra-

tion while the patient is recumbent or inactive, but on exertion some
dyspnoea results and even feebleness of voice. It is supposed that

this paralysis also induces congestion of the base of the lung. Paraly-

sis of one jjlirenic nerve causes little if any subjective symptoms,

and may be overlooked because of the action of its fellow. But close

observation will usually detect impaired movement of the diaphragm

on the affected side. In multiple neuritis from alcohol, dijjhtheria,

or beriberi, paralysis of the phrenic nerves is a serious complication.

It is usually associated with some loss of power in the other nerves

of respiration—those, for instance, supplying the thoracic muscles.

Under these circumstances the thorax expands but little if any during

inspiration, and the abdomen does not protrude. Danger to life is

great from congestion and oedema of the lungs.

The diagnosis of paralysis of the phrenic nerve must be made
especially from the failure of the descent of the diai)hragm. This

paralysis must be distinguished especially from hysterical rajjid

respiration and from diaphragmatic pleurisy. In hysteria rapid

respiration, which is rather more ai)t to occur in women than in men,

produces the upper costal type of respiration. In these cases there

are usually other hysterical stigmata, and there is nothing in the case

to indicate a cause for an organic lesion of the phrenic nerves. More-
over, there is no true dyspnoea in these cases, and the symjjtoms are

apt rather to be relieved voluntarily by exertion than to be aggravated

by it. That no true paralysis of the diaphragm exists in these cases

can also usually be determined by securing the patients' attention and

getting them to draw a long breath. Diaphragmatic pleurisy is asso-

ciated with acute x^ain, and close observation will usuallj^ determine

that the immobility of the diaphragm is caused by the inhibitory

action of this pain. Moreover, the history of the case and the pres-

ence of some physical signs are usually sufficient to determine the

diagnosis. Some authors have described a degeneration of the

diaphragm itself, but this condition is certainly extremely rare and

could not well be distinguished from paralysis of the jihrenic nerve.
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In fact, it is probable that degeneration of the diaphragm if it ever

occurs is secondary to degeneration of the phrenic nerve itself.

No direct or specific treatment is available for paralj^sis of the

phrenic nerve. When this paralysis occurs as a result of general

poisoning of the peripheral nervous system, as, for instance, b^^ alco-

hol, diphtheria, or the poison of beriberi, the treatment for the

general condition is alone possible. This will be described in the

proj)er place. Surgical lesions require surgical treatment, but this is

often impracticable because of the gravity of these lesions in the deep

course of the nerve.

The phrenic nerve can be stimulated with electricity by pressing

one electrode deeply down behind the posterior margin of the lower

end of the sternocleidomastoid muscle and placing the other elec-

trode at any point along the edge of the ribs. Treatment with elec-

tricity, however, is of little value in paralysis of the diaphragm from

any cause whatever.

Diseases of the Cervical Nerves.

A grave form of neuralgia, sometimes called postcervical neuralgia,

is located in some of the branches of the upper cervical nerves. The

chief of these branches to be involved is the occipitalis major. This

is largely a sensory nerve, supplying the skin of the scalp as far up-

wards and forwards as the vertex. It is a branch of the second cer-

vical nerve, and arises from the posterior division of that nerve and

consequently not from the cervical plexus proper. It is a very large

nerve and a much more important one from the pathological stand-

point than it is usually considered.

Neuralgia of this greater occipital nerve and of its kindred

branches from the upper cervical nerves and plexus is in some in-

stances a very grave affection. The pain is felt especially in the dis-

tribution of the great occipital nerve, i.e., over the occipital and

posterior jjarietal regions. As in all grave neuralgic states, however,

there are usually some points of extreme sensitiveness, and these exist

especially where the nerve trunk and its main branches emerge from

the deeper regions. The principal of these spots are : First, where

the great occipital nerve pierces the trapezius muscle near its attach-

ments to the skull ; second, in the space between the trapezius and
the sternomastoid muscle, where deep pressure affects the cervical

nerves; third, over the boss of the jiarietal bone, where the nerve

trunks are very superficial and easily affected by pressure.

The character of the pain in postcervical neuralgia is almost as

severe in some instances as that which affects the fifth nerve. As a
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rule, however, it is paroxysmal. It is a rare affection as compared

with either trigeminal neuralgia or sciatica. It is sometimes asso-

ciated with contraction of the muscles of the nape of the neck, but

this contraction is probably voluntary, the result of the patient's

effort to render the parts immobile and thus to secure as complete

rest as possible.

The causes of postcervical neuralgia are frequently- difficult to de-

termine. The aff'ection has sometimes been traced to a sprain or a

bruise, as, for instance, from lifting or carrying heavy weights, or from

a blow. In one very marked example which I once saw the par-

oxysm always appeared at the menstrual epoch and was evidently

part of the nerve storm caused by dysmenorrhoea. In this case the

pain was so severe as to cause cries of distress in the patient and to

interfere entirely with sleep during at least one night. This form of

neuralgia is probably associated in some cases with a gouty or rheu-

matic diathesis.

The diagnosis of postcervical neuralgia is usually not difficult.

Mistakes, however, may occur. The most probable error would be

to mistake caries of one or more of the upper cervical vertebrae for

simple postcervical neuralgia. In caries, however, there is usually

stiffness of the neck caused by rigidity of the muscles. Pain is felt

on movement, on deep pressure, and on jarring the spinal column

by causing the i)atient to rise on tiptoe and fall suddenly upon the

heels. Moreover, the pain of spinal caries is not usually so remitting

and ijaroxysmal as postcervical neuralgia. When once established it

is more continuous and of longer duration. Finally, close observa-

tion will usually detect beginning deformity.

The treatment for postcervical neuralgia is very similar to that

required in other forms of neuralgia. Anodynes will, of course, be

demanded by the patient, but they should be given cautiously, lest

some drug habit be formed. The alterative and antirheumatic

remedies such as the iodides and salicylates should be given a trial.

The coal-tar sedatives combined with the salicylates are sometimes

eflScacious. Thus in one case I knew great relief to be secured from

small doses of antipyriu and salicylate of sodium. Morphine given

under the skin will relieve the severe pain of the worst paroxysms.

In some cases it may be worth while to try active counter-irritation;

a fly blister is the best. The actual cautery, such as the Paquelin, is

recommended by some, but is certainly a heroic remedy for this dis-

ease, especially its paroxysmal and remittent types. In grave, obsti-

nately continuous forms, however, in which no other remedies avail,

the Paquelin cautery might be used. This remedy, as is well known,
sometimes gives most satisfactory results in other grave neuralgias,
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as, for instances, sciatica. There can, therefore, be no objection to its

use in severe postoccipital neuralgia, provided nothing else has given

relief.

Diseases of the Brachial Plexus.

The brachial plexus is composed from the anterior branches of

the last four cervical nerves and of the first dorsal nerve. It begins

close under the lateral processes of the cervical vertebrse and extends

to just beneath the clavicle, where it gives origin to its chief nerve

.^..-tsss^-r/7

Fig. 30.—Diagram of the Brachial Plexus. (Van Gehuchten.)

trunks. It is triangular in shape, its base being situated at the ver-

tebrae. The trunks of the five spinal nerves which go to form this

plexus anastomose in such a way as to form three main trunks, two

anterior and one posterior. The anterior trunks are named respec-

tively the anterior external and the anterior internal trunk. The
posterior trunk is called by that name. These trunks are formed as

follows : The fifth and sixth cervical nerves unite to form one trunk

which soon divides into an anterior and a posterior branch. The sev-

enth cervical nerve before uniting with its neighbors divides also into

an anterior and a posterior branch. The eighth cervical and first dor-

sal nerve unite and then immediately divide also into an anterior and
a posterior branch. The three posterior branches unite with each

other to form the posterior trunk, which subdivides into two terminal
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nerves, the circumflex and the musculospiral. The anterior branch of

the seventh cervical nerve unites with the anterior branch formed from
the junction of the fifth and sixth cervical nerves to form the anterior

external trunk, which subdivides into the musculocutaneous nerve

and into another branch which forms with a similar branch from the

anterior internal trunk the median nerve. The anterior branch of the

eighth cervical nerve and of the first dorsal nerve forms the anterior

internal trunk, which gives origin in turn to one of the branches con-

stituting the median nerve, to the ulnar nerve, to the internal cutane-

ous nerve, and to the accessory branch of the cutaneous brachial in-

ternal nerve.

From this arrangement it is seen that the main nerve trunks of

the arm and shoulder do not originate directly from the cervical and
first dorsal nerves, but from the union of these nerves which forms the

brachial plexus. Consequently each nerve trunk contains fibres from

more than one cervical nerve. In consequence of this anatomical ar-

rangement it is desirable to describe the diseases and injuries of the

brachial plexus separately from the diseases and injuries of its indi-

vidual branches, which form the main nerve trunks of the arm and
shoulder.

The brachial plexus is sometimes the seat of severe neuralgia.

In the majority of cases this brachial neuralgia is due to trauma or

to some gross organic lesion, such as neoplasm. In all these cases

the pathological state is probably one of inflammation of the nerve

trunks. In some cases rheumatism and gout are probably exciting

causes. The affection is usually unilateral and is not associated as a

rule with paralysis of motor fibres. To this rule, however, there are

exceptions. For instance, in traumatic cases the motor fibres as well

as the sensory may be involved. As in most cases of severe neuralgia,

painful points are felt in regions where the nerve trunks are most
exposed or most easily subjected to pressure. These points are

found especially on the side of the vertebrae, in the axilla, on the

scapula, and on the ulnar and radial nerves in the forearm. There

may be areas of parsesthesia and anaesthesia in the distribution of the

various nerves, also some paralysis and muscular atrophy in cases in

which motor fibres are involved. Trophic and vasomotor changes

are also occasionally seen. These are practically the same that have

already been described under the heading of trophic lesions of nerves.

They are causalgia or burning pain, oedema, and glossy skin, and

possibly herpetic and pemphigoid eruptions. When these latter

occur they are evidences of inflammatory or irritative processes in

the nerve trunks, and a diagnosis of brachial neuritis rather than

simple brachial neuralgia is indicated. From the symptoms, in fact,

Vol. XI.— 17
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reported by various observers it seems tliat these cases of involve-

ment of the brachial plexus must vary widely in their underlying

pathological changes. In some cases, due j)ossibly to rheumatism,

gout, or other dyscrasia, the sensory phenomena predominate, and

the condition may be called more properly a true neuralgia, in which

gross i^ermanent changes in the nerve trunks are lacking. In other

cases, however, especially those of traumatic origin, in which there

are associated trophic changes and paralyses, contractures, and mus-

cular atrophy, the nerve trunks are probably the seats of active inflam-

mation. The same may be said of some few cases which may be due

to the poison of lead or of syphilis. Finallj', the brachial plexus,

or rather the spinal nerve roots which contribute to its formation, is

occasionall/ the seat of the fulminating pains of locomotor ataxia.

In these cases the specific changes probably begin in the cell bodies

of the sensory neurons, located in the ganglia on the posterior nerve

roots.

Cases of brachial neuralgia, so called, which are caused by traumata

are among tbe most obstinate in their course and most severe in their

symptoms. They are usually in fact the result of gross injury to the

nerve trunks and consequently are associated with all the symptoms
of organic changes in nerves. Thus, in addition to the severe i^ain,

there is usually paralysis, muscular atrophy, reactions of degenera-

tion, contractures, and trophic changes; in other words, there is

grave neuritis.

The distribution of the symptoms caused by severe organic lesions

of the brachial plexus is as follows : There is brachial monoplegia.

The arm is inert and falls heavily against the trunk. . All voluntary

movements, such as flexion, extension, abduction, adduction, rotation,

pronation, and sui)iuation in the arm, forearm, and hand, are totally

abolished. The shoulder, as has been pointed out by Huet and by
Raymond,""" may be elevated by the action of the trapezius muscle.

The reason for this action of the trapezius is not altogether clear.

Huet gives the following explanation : The arm, hanging inert along

the thorax, tends, by its weight i)re8sing upon the trunk, to cause a

certain feeling of uneasiness. To obviate this feeling the patient,

perhaps instinctively and unconsciously, elevates the shoulder by
contracting the trapezius in such a manner as to carry the i)aralyzed

arm slightly away from the side of the trunk. The trapezius remains
thus strongly contracted. This observer tliinks that tliis action is

not that simj)ly of an antagonistic muscle, in which, as we know,
contracture is not uncommon when its antagonist is paralyzed. It

seems in me, however, tliat the theory of antagonism is not inap-

propriate in this case. The monof)legia of brachial lesions is not
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only total, as just explained, but the paralysis is flaccid and accom-

panied with abolition of the tendon reflexes. The sensory sym^jtoms

are in many cases first those of acute jjain. Sometimes the painful

sensations are indefinable. They may be paroxysmal and worse at

night than in the day-time. They frequently interfere with sleep.

They do not always necessarily follow the trajectory of any particular

nerve, but are diffused. They may be excited especially by pressure

on the muscles.

The anaesthesia caused by a total lesion of the brachial plexus is

as follows : The anaesthesia is total for the hand and forearm, but

follows a line drawn from the inner aspect of the arm just above the

elbow obliquely upwards to the outer aspect of the arm at about the

insertion of the deltoid muscle. This distribution is characteristic

and follows strictly of course the projection of the sensory fillets of

the brachial plexus. The tij) of the shoulder, as is well known, is not

supplied by this plexus but by the cervical plexus, and the inner

aspect of the upper arm by the first three pairs of dorsal nerves.

If these cases, as usually happens, are caused by injuries which

leave open sloughing sores the inference is that the nerve trunks, hav-

ing been originally torn and stretched, become eventually the seats of

aseptic neuritis. Such a case has been reported by Sands and Se-

guin. "'"^ In this case a young man received a severe wound of the arm
from the premature discharge of a cannon which he was loading. He
had a badly lacerated wound of the thumb and hand with an extensive

burn of the forearm and with fracture of the radius and ulna. The
extensive burn interfered with the proper dressing of the fracture, and
a false joint resulted. Anaesthesia in the hand was absolute, but

its limits were not indicated. Symj)toms of irritation of the nerves

did not appear until the end of the third week, when pain showed
itself in the range of distribution of the ulnar nerve. This pain

rapidly became excruciating and henceforth constituted the predomi-

nant symptom in the case. The healing of the burn was apparently

a slow matter, and the amputation of the thumb joint (which had be-

come necessary) left a small ulcer. Anaesthesia extended as high as

the upper part of the arm, and complete paralysis of the arm was grad-

ually established. All modes of sensation were abolished, i.e., tactile

sense, thermal sense, and pain sense. In this case amputation of the

arm was resorted to because of the extreme suffering of the patient

and the uselessness of the member. After amputation electrical irri-

tability of the nerve trunks, the median, ulnar, and musculospiral,

was found entirely abolished, consequently the inference was that

these nerves were degenerated. The amputation brought but tem-

porary relief and eventually the brachial x>lexus itself was excised
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bv Sands. At the operation it was found that the nerves consti-

tuting the brachial plexus were matted together and their dissec-

tion was by no means easy. The fifth, sixth, and seventh cer^

vical nerves were cut in a mass, a piece fully a quarter of an

inch being excised. The double cord formed by the union of the

eighth cervical and first dorsal nerves was also cut. Even in the

fresh state at the time of the operation the excised portions were

not normal in appearance. The surface of the section was yel-

low, showing hardly a trace of the fasciculi, and the neurilemma

was thickened and injected. This neuritis, extending thus to the

very cervical roots themselves, was apparently of septic origin, and

was of such a character as was more likely to happen in the days

before antiseptic surgery. The character of the wounds, one of

which was lacerated, the other of which was a deep burn, was just

such as to produce a lesion of this kind. The microscopic appear-

ances of the excised nerve cords forming the brachial plexus showed

them to be the seats of extensive interstitial neuritis. The authors

believed that the primary injury to the nerves was one of complete

disruption of the nerve trunks in the brachial plexus. As, however,

the evidence of this was not found at the time of the operation, it

seems more probable that the i)rimary lesion was one merely of

injury to the nerve fibres, and that the nerve trunks eventually be-

came the seat of infection from septic wounds. The case is important

as illustrating the causation, symptoms, progress, and results of

surgical treatment in these cases. The i)atient was not cured. At

the last note he still suffered from much burning and lancinating

I)ain. This he referred to the amputated finger and hand. He
also had the phenomena of " phantom" hand. The reason for fail-

ure in this case was evidently due to the fact that the inflammation

had extended even above the roots of the cervical nerves at their

exit from the intervertebral foramina, and that consequently the

nerve cells of the sensory neurons in the posterior ganglia were

probably the seats of active irritation. Such a case conse(iuently

would probably become as intractable as the ordinary case of tic

douloureux.

A case of painful neuromata, of rare interest, involving the nerves

of the arm and the brachial plexus has been put on record by Maury
and Duliring.

'""
'' The patient had suffered paroxysms of intense pain

from neuromata growing in tlie skin and evidently involving small

branches of the nerves. These paroxysms occurred five or six times

in a day and continued from ten to fifteen minutes. Life had become
so unendurable that exsection of the brachial plexus was advised and

submitted to by the patient. The operation was performed by Maury,
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wlio exsected the outer and the inner trunks of the plexus, but for

some reason the posterior trunk was not divided. As a result of this

operation the patient was greatly relieved but not entirely cured.

Pain continued to be felt, especially on toj) of the shoulder, which
the authors attribute to the fact that the skin of this region was sup-

plied by the third cervical nerve. The patient of course had paraly-

sis and wasting of the muscles with reactions of degeneration and
anaesthesia extending well up to the shoulder. The excised portions

of the nervess howed slight beginning interstitial neuritis. No reason

is given by the authors for not cutting the posterior trunk of the

brachial plexus from which springs the musculospiral and circumflex

nerves, nor is it clearly indicated that the muscles and skin supplied

by these nerves were exempt.

The statement by the authors that the arm was completelj^ para-

lyzed is difficult to reconcile with the fact that this jjosterior trunk,

which is one of the most important divisions of the brachial jjlexus,

was apparently not divided. The microscopic appearances of the

excised nerves in this case of Maury and Duhring indicated that the

active inflammatory changes had not advanced fully as far as the

brachial plexus. As the exciting lesions were mostly peripheral and
widespread, being neuromata in the skin, it is probable that the

active changes were in the neighborhood of these tumors. The
operation, of course, was indicated at the only available place where
all the nerve trucks come together, i.e., in the brachial plexus. The
fact, however, that cure was not complete was probably due, as

already indicated, to the failure to divide all the nerve trunks. The
pain persisting about the shoulder was no doubt due to the fact that

the posterior trunk of the plexus was not divided, and that conse-

quently the circumflex nerve which supplies the integument of the

shoulder was not cut oflf. This seems to be the true explanation

rather than the one suggested by the authors.

Raymond '"^ has narrated a case of brachial monoplegia caused by
compression from a hemorrhage beneath the pectoral and other

muscles. This rare case happened in a man who had had malaria

and had been subject to hemorrhages of various kinds since his

youth. He drank to excess, and it was while lying in a drunken sleep,

in which he compressed the arm, that the hemorrhage occurred.

Raymond's theory was that a rupture of a blood-vessel occurred

during his sleep. The symptoms were complete brachial mono-
plegia with severe pain and oedema. The retroclavicular portion of

the brachial plexus was alone involved, as the nerves arising from the

plexus above this point (for instance, those to the pectoral muscles,

to the rhomboid, and to the scapula muscles) were not paralyzed.
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Injuries to the brachial plexus are sometimes caused in the new-

born child by the manoeuvres necessarj^ for the disengagement of

the trunk in difficult labors. Bailly and Onimus,'"' "^ have reported

a case of extensive damage to the brachial plexus in an infant

from this cause. The head was properly delivered, but the trunk re-

mained firmly fixed in the pelvis. It was finallj'^ disengaged by

making traction on the axilla, but this was done at the cost of exten-

sive injury to the brachial plexus and its main branches. After birth

it was found that the arm was paralyzed, the only spontaneous

movements being a feeble extension of the forearm, flexion of the

fingers, and extension of the ring finger and little finger. In conse-

quence of this the writers believed that the nerves most affected were

the circumflex and the musculocutaneous, although from their de-

scription it would seem that all the nerves of the arm were more or

less injured. In this case a careful study by Onimus demonstrated

that the faradic contractility was diminished for the triceps, for the

flexor of the hand, and for the extensors of the finger, except of the ring

finger. The deltoid, the infraspinatus, the biceps, and the brachialis

anticus gave no response. Improvement in this case was steady, and

at the time of the report the authors expressed the belief that the

paralysis would eventually disappear. They did not share the

oiDinion of Duchenne, who gave a grave prognosis for this paralysis.

Abandoned to itself he claimed that it became incurable. He seemed

to think that restoration of nerves is accomplished in man the less

promptly the younger is the patient. Onimus concludes that in

the early months of life prospect for improvement in severe injury to

nerves is not bad.

The treatment for brachial neuralgia is similar to that for neu-

ralgia in other parts. In the very grave forms, such as have been

related above, due to infectious neuritis or neoplasm, anodyne and

sedative medicines in large doses will be required. Morphine will

undoubtedly be the drug that these i)atients will come to crave and

to rely upon. It is almost impossible in fact to prevent patients,

sufl'ering as much as Duhring's patient suffered, from becoming

habitues of opium in some form. Fortunately these cases are rare,

otherwise we should probably have clearer indications for treatment.

Perfect rest is indicated and should be secured by fixation dressing of

some kind. In the case reported by Sands and Seguin the patient

dreaded movement to such an extent that he became wildly excited at

the thought of it. Hot fomentations are sometimes grateful and
even curative in the milder forms of brachial neuralgia. There is a

type of this disease, sometimes seen, in which the ])ain is located more

especially in one nerve trunk, and in which there is probably a gouty
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or rheumatic taint. In sucli cases preparations of salicylic acid

should be given a full trial, and these may be combined with i)heu-

acetin, antipyrin, antifebrin, antikamnia, or exalgin. Cases of this

kind usually make a satisfactory recovery, although the duration

of the disease may last for several weeks. In the milder cases or in

the terminal stage of more severe cases a mild galvanic current ap-

plied along the course of the nerve trunk is sometimes beneficial.

Counter-irritation, especially by blisters over the painful point, some-

times gives relief. Iodide of potassium is of little service in any form of

neuralgia or neuritis, unless this be due to some syphilitic lesion. The
same may be said of the mercurials. Bromide of potassium and chloral

hydrate are hypnotic rather than anodyne in their action, and conse-

quently are of little use in these cases. If used at all, they must be

given in very large doses and their depressing and other unfavorable

action is most undesirable. I have known good effects from croton

chloral in some cases of severe neuralgia, and it might be tried in the

form here considered. Aconitine is recommended by some.

The surgical treatment of the severe forms of brachial neuritis

caused by trauma or neoplasms has already been referred to in the

description of the cases quoted above. Such a procedure is of course

always a last resort, and can be recommended only when all other

treatment has failed and when the patient's life has become intoler-

able from his sufferings. Excision of the brachial plexus is a most

heroic remedy. It maims the patient even worse than amputation

of the arm, because it leaves him in possession of an arm that is

worse than useless. There can be no doubt, however, of the ijro-

priety of the operation in such rare cases as those in which it was

performed by Sands and by Maury. It is highly important, how-

ever, that the operation, if performed, should be radical and complete.

All three main trunks of the brachial plexus should be di\T.ded, and a

sufficient portion of each trunk removed to insure against its re-

union.

In cases of injury of the brachial plexus in the child at birth, rest,

warmth, and the use of mild currents of electricity are indicated.

The prognosis in these cases is usually favorable, but a guarded

prognosis should be given at the beginning.

Diseases of the Circumflex Nerve.

The circumflex nerve arises from the posterior trunk of the brachial

plexus, in common with the musculospiral nerve. It contains both

sensory and motor fibres. The former are distributed to the skin

over the deltoid muscle, especially its lower and posterior portion.
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Tlie motor fibres supply the deltoid muscle and the teres minor.

The nerve before its distribution divides into two branches, an upper

and a lower. The upper branch, which is the more important from

the pathological standpoint, winds around the neck of the humerus

just beneath the deltoid muscle and supplies this muscle with its mo-
tor branches, which pass into its substance from the under surface.

This branch also gives off sensory filaments, which supply the skin

over the lower portion of the deltoid muscle. The lower branch gives

motor fibres to the teres minor and also to the posterior part of the

deltoid muscle. It supplies sensory filaments to the skin over the

lower and posterior surface of the deltoid muscle. The action of the

muscles supplied by the circumflex nerve is to raise the arm directly

upwards from the shoulder and hold it in that position. Of the

two muscles the deltoid is the chief actor. The teres minor ro-

tates the head of the humerus outwards, and when the arm is raised

it assists in holding it in that position and rotating it outwards

(Gray).
^

The circumflex nerve is especially liable to injury from dislocations

of the head of the humerus and from fractures of the neck of that

bone. It is seldom if ever the seat of a simple neuritis, such, for

instance, as is due to exposure to cold. The nerve or its nuclei is

frequently involved in degenerative diseases which attack large mus-
cular groups, such as progressive muscular atrophy and amyotrophic

lateral sclerosis. It is possibly involved occasionally in rheumatic

and other inflammations of the shoulder joint, and this accounts for

the fact that sometimes in such inflammation there is paralysis and
atrophy of the deltoid muscle. From its protected position it is

rarely if ever injured by wounds, but it may be involved in severe con-

tusions of and blows upon the shoulder. By far the most imjDortant

cause, however, of paralysis of the circumflex nerve is dislocation of

the shoulder-joint. So important is this, in fact, that the practitioner

should never lose sight of the possibility, and being called to such a

case should always explain to the patient and his friends the risk that

he runs from such a complication. Unfortunately the evidences of

this injury to the nerve are not always very apparent for several

weeks after the accident. The weakness or paralysis of the muscle
is disguised first by the pain and the surgical dressings. Later,

however, when attempts are made to move the shoulder, it gradually

becomes apparent that the deltoid muscle is paralyzed. At first the

imi)airment of motion may be thought to be due to some stiffness of

the joint, but if careful inspection is made it will be found that the

muscle does not contract and that it is beginning to lose volume. A
very early indication of this injury i'S abolition of the faradic con-
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tractility in the muscle and the onset of the reactions of degenera-

tion. These tests with electricity are of the utmost importance in

cases of dislocation of the shoulder-joint, and should never be

omitted. They permit of the establishment of a positive diagnosis

at an earlier stage in the history of the case than any other symptom.
This is due to the fact, as already stated, that inhibition of movement
in the joint during the first few weeks may be thought to be due to

pain and stiffness caused by injuries to the structures of the joint,

and may in fact be partly due to these, and thus disguise the paraly-

sis of the deltoid muscle. The importance of an early diagnosis in

such a case needs no comment. Paralysis and atrophy of this muscle,

following dislocation of the shoulder-joint, is a serious complication,

and one that cannot be recognized too soon for the welfare of the

patient and the reputation of the surgeon.

The symptoms of injury to the circumflex nerve are paralysis of

the deltoid muscle and some paresis of the teres minor muscle, and

occasionally, but not always, anaesthesia of the skin overlying the

lower and posterior portions of the former muscle. It frequently

happens, however, that there is no anaesthesia, and this is in accord

with the well-known fact that injuries to mixed nerves frequently

impair the motor much more than the sensory fibres. When the

deltoid muscle is paralyzed, the movements of the arm are much
restricted. The upward and outward movement of the arm at the

shoulder is entirely abolished. Rotation of the head of the humerus
outwards is also impaired by the paralysis of the teres minor. This

restriction of the upward and outward movement of the arm impairs

many other associated movements at the shoulder-joint, in which

the deltoid muscle takes an active part. The arm hangs helplessly

against the trunk, except for the movements of abduction, flexion,

and extension, which are imparted to it by other muscles. In course

of time atrophy of the muscle supervenes. In cases in which the

injury to the nerve has been severe this atrophy advances to an

extreme limit. The deltoid muscle becomes flattened, and even pre-

sents the appearance of being scooped out. This is so character-

istic as to be unmistakable when once seen. This hollowed space

extends from underneath the clavicle in front, around underneath

the acromium process and the spine of the scapula. It seems as

though in some cases the muscle has almost entirely disappeared.

With the beginning atrophy—in fact, before this atrophy is appar-

ent—the faradic contractility of the muscle is abolished. This may
occur very early in the case, even as early as the first week. It usu-

ally precedes the onset of the reactions of degeneration. These re-

actions may come on in all their classical stages. There may
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be at first increased galvanic contractility, followed by decrease

witli modal and serial changes. As already stated, these electrical

changes are of great significance, both for diagnosis and prognosis in

these cases. With the atrophy of the muscle there is likely to be

some stiffness due to ankylosis of the joint. This is probably not a

true trophic lesion, but is due to the injury to the soft structures of

the joint at the time of dislocation. It is no doubt favored, however,

by the nerve injur3\ This, for instance, causes such impairment of

the movements of the joint that the slight nutritive changes set up by

the injury progress more rapidlj^ and with more serious consequences

than they would in case the muscle were not paralyzed. In time

adhesions may form, and these still further impair the power of

movement at the joint. They are manifest on passive movements.

The head of the humerus is then seen to be firmly attached to the

scapula. As the arm is moved the scapula moves with it, as is

shown especially by the excursions of its inferior angle. These

movements of the scapula with the humerus are in marked contrast

with its immobility in health. The ankylosis may be disguised by

the paralysis and atrophy of the deltoid muscle, but the simple test

of observing the associated movements of the scapula with the hu-

merus reveals the true state of the joint. In case no fibrous adhesions

exist, passive movements of the joint in all directions without move-

ment of the scapula are readily obtained.

In the case of a lady who injured the circumflex nerve by dislocat-

ing the head of the humerus, the course of events as observed by
me was as follows : While dressing in the morning the patient tripped

and fell, extending her arm towards the wall for support. The head

of the bone was driven with some violence from its socket downwards
and forwards. The dislocation was reduced while the patient was

under ether, and without difficulty in a short time. The joint remained

I)ainful for some days. When attempts at restoration of movement
were made, however, as the pain subsided, it was found that the del-

toid muscle was unable to contract. Complete abolition of faradic

contractility was noted in a short time, and this was followed by the

appearance of the reactions of degeneration. Rapid atrophy of the

muscle set in and eventually became extreme, so that the space

occupied normally by the deltoid was hollow. Fibrous adhesions

soon formed in the joint. The progress of this case was slow

and tedious. Adhesions in the joint required to be eventually broken

up, and the substance and functions of the deltoid muscle were not

restored for fully a year. The patient eventually made a complete

recovery. This case illustrated perfectly the risks which a patient

runs in dislocation of the shoulder-joint due to injury to the circum-
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flex nerve, and also the fact that the prognosis of such cases need

not necessarily be hopeless.

Raymond '"' has reported a curious case of i)aralysis of both del-

toid muscles, caused by elongation of the two circumflex nerves.

This stretching of the nerves occurred while the patient was sleep-

ing upon his back, holding his arms elevated with his hands joined

behind his neck. On rising in the morning the patient was unable

to raise his right arm, and at the same time he had pain at the

level of the deltoid muscle. The left arm was not paralyzed at first,

but became so after a few hours. Among the initial symptoms were

violent muscular shocks or contractions in the affected muscle. The
symptoms were such as have already been described as due to injury

of the circumflex nerve. There were partial reactions of degeneration

and involvement of the sensory branch of the circumflex nerve which

supplies the skin over the deltoid muscle. The unique feature of the

case was the involvement of both circumflex nerves by stretching, due

to the peculiar attitude of the patient. From a study on the cadaver

Raymond concluded that the nerves had been injured by elongation

by the forced attitude of the patient, whose circumflex nerves were

probably unusually short, i.e., did not pursue as winding a course as

is usual.

The treatment of paralysis of the circumflex nerve should be by
electricity to the deltoid muscle, by hypodermic injections of strych-

nine into the substance of the muscle, by inunctions, and by massage.

Electricity is probably the most important of these agents. As
faradic contractility is usually abolished, this current should not be

used. Mild, alternating galvanic currents should be applied at least

three times a week, and these with passive motion and massage may
require to be persevered with for many weeks or even months. The

fibrous adhesions should be broken up. In the case above mentioned

a full year elapsed before the deltoid muscle was restored, but the fact

that it was eventually fully restored proves that time and treatment

will often accomplish much in these cases.

Diseases of the Musculospiral Nerve.

The musculospiral nerve arises from the posterior trunk of the

brachial x)lexus, in common with the circumflex nerve. It is the

largest branch of the brachial plexus (Gray). In its course along

the arm it winds around the humerus in a special groove known as the

spiral groove, just beneath the triceps muscle. Its course is from with-

in, behind, to the outer side of the arm. When it reaches the external

condyle it divides into two branches, the radial and the posterior in-
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terosseous nerves. Before dividing into these terminal branches its

main trunk supplies muscular branches to the triceps, anconeus,

extensor carpi radialis longior, suj)inator longus, and brachialis anti-

cus. Its cutaneous branches, three in number, supply the skin with

sensation on the posterior aspect of the arm, the anterior aspect of

the lower part of the arm, and the back part of the forearm. The
actions of the muscles supplied by the main trunk of the musculo-

spiral nerve in its course through the upper arm are to extend the

arm, to supinate the hand, and to extend the hand at the wrist. As
it supplies the brachialis anticus muscle also, it has some control

over flexion of the forearm.

The musculospiral nerve may be injured by blows, wounds, and

pressure. Although in the main part of its course it is situated

deejjly beneath muscular masses, its close relation to the bone makes

it especially susceptible to injury from pressure. On the lateral

aspect of the arm, too, just between the posterior border of the biceps

muscle and the anterior portion of the triceps, it is especially super-

ficial and unprotected. The chief causes of injury to this nerve are

pressure of the head during sleep, pressure of a crutch, pressure or

irritation of callus after fracture of the humerus, and more rarely

blows and wounds. The nerve itself is not usually the seat of ac-

tive inflammation from cold. It may, however, suffer with all the

other nerves in multiple neuritis. In alcoholic multiple neuritis,

for instance, the branches of this nerve, like all nerves supplying

extensor muscles, are especially liable to involvement. In lead palsy

the characteristic wrist drop is caused by paralysis of the branches

of this nerve in the lower arm and of the muscular branch which
supplies the extensor carpi radialis longior. Lead, however, has a

peculiar selective action upon the branches of the musculospiral nerve,

but this will be described later. Of these causes the most common is

undoubtedly the pressure caused during sleep by the patient's head
resting upon the humerus. This usually happens only in the deep

sleep caused by alcoholic intoxication. In numerous cases of paralj^-

sis of the musculospiral nerve observed by me, this cause has always

been the active one, with the exception of a few instances in which
the paralysis was due to the pressure of a crutch. The explana-

tion for the fact that, as a rule, only drunken men suffer from this

])aralysis, is that the pain and discomfort caused by prolonged pres-

sure of the head on the arm, which are sufficient to arouse a sober

man, or at least to cause liim to shift his i)osition, are unheeded by the

former. Tlie drunken man is so insensible to this pain that he sleeps

on, possibly for many hours, and thus with prolonged pressure paraly-

zes the nerve. From this circumstance paralysis of the musculospiral



DISEASES OF THE MUSCULOSPIRAIi NERVE. 269

nerve has been called " Sunday morning palsy." I have never seen it

occur from pressure of the head during sleep in case of a sober man.

The next most important cause of this paralysis is the pressure of the

head of a crutch upon the nerve just as it emerges from the axilla.

The paralysis may even be bilateral, as in an instance which I saw

in a man after amputation of the leg. In this case the patient, who
was a large heavy man, was allowed to get up and go about with two

rudely made crutches, the heads of which were not. properly shaped

and padded. As a patient who is obliged to use a crutch is already

sufficiently crippled, it is unfortunate that he should be still further

disabled by a paralysis of one of the chief nerves in his arm, whicii

could as well be avoided with a little care. The musculospiral nerve

has been wounded in various ways (Cheever'"') . Owen'°° reports

a case of gunshot injury to the musculospiral nerve, but such cases

are exceedingly rare in medical literature.

The symptoms of paralysis of the musculospiral nerve are char-

acteristic and unmistakable. As this nerve is almost exclusively

concerned with extension and supination, the abolition of these func-

tions is more or less complete and quite uncomplicated. The exact

extent of the paralysis, however, varies according to the point of,

pressure. If this pressure is within the axilla or just at the

emergence of the nerve from the axilla, as when it is caused by the

head of a crutch, all the muscles supplied by the nerve, including

the triceps, are involved. In the case of drunken men, however, the

pressure is usually below the branches of the triceps, and then the

paralysis is especially marked in the supinator longus and the exten-

sors of the wrist and fingers. In some few cases, however, the supi-

nator longus escapes. The degree of paralysis varies. When it is

complete the patient cannot extend the hand at the wrist, and has

much diminished power if not complete absence of power of supina-

tion. There is, moreover, some failure in power of flexion of the

fingers, as is always the case in paralysis of the extensor muscles.

This seems to be due to the fact that the fiexors require a certain

basis of support for their full activity, which is supplied by the

extensor muscles. The loss of power of supination causes a peculiar

effort of the patient to compensate by pressing the arm against the

side and rotating the humerus outwards. This tends to overcome

the extreme pronation of the hand which results when the patient

grasps an object. As a rule, sensation is not seriously involved in

these pressure palsies of the musculospiral nerve. The upper arm

especially escapes. In the lower arm, however, diminished sensi-

bility or even complete ansesthesia may be found, especially on the

radial surface of the forearm and on the back of the hand and fin-
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gers. Subjective sensations, sucli as paraestliesia or tingling and

prickling, are common for tlie first few days. Tliis freedom from

severe injury of tlie sensory filaments is what is commonly seen in

pressure palsies of mixed nerves.

Muscular atroph}' and tlie reactions of degeneration are not com-

monly seen in these pressure palsies of the musculospiral nerve. This

is due to the fact that in the majority of cases the injury is not

severe. The functions of the nerve are abolished only temporarily.

The nerve fibres are evidently not seriously impaired, and it is doubt-

ful in fact if their continuity in many of these cases is broken. Ex-

ceptions occur, of course, in which all the symptoms of severe injury

are observed. In the very rare instances of gunshot or other wounds

all the phenomena of complete and perhaps irreparable degeneration

of the nerve may follow. This will depend of course upon the

severity of the wound.

The diagnosis of jjaralysis of the musculospiral nerve is not difii-

cult. From ordinary lead palsy it is distinguished by the fact that

it is usually unilateral, and by the highly characteristic fact that the

supinator longus muscle is involved. The history of the case, more-

over, is usually very clear. The onset is sudden, due to pressure

during drunken sleep or caused by the head of a crutch. In alcoholic

neuritis, while the extensor muscles are especially likely to be im-

paired, the affection is never limited to one nerve trunk.

The prognosis of musculospiral paralysis from the causes men-

tioned is usually favorable. The duration of the case Avill depend of

course upon the severity of the injury. In case the nerve under-

goes complete degeneration and the reactions of degeneration with

wasting appear in the muscle, the course may be slow and tedious.

Many of these cases recover in a few weeks, but the more severe

form may last for months.

The treatment for pressure palsies of the musculospiral nerve ia

simx)le in the extreme. These cases tend to recover, in fact, without

active treatment. Electricity to the paralyzed muscles, rest, and
massage are usually all that is reijuired. In case the trunk of the

musculospiral nerve should be severed by a knife or pistol wound
nerve suture should be immediately performed.

Diseases of the Posterior Interosseous Nerve.

This nerve is one of the two terminal branches of the musculo-

spiral nerve. In i^art of its course it is deeply situated on the inter-

osseous membrane. It supplies all the muscles of the radial and
posterior brachial regions, except the- anconeus, supinator longus,



DISEASES OF THE POSTERIOR INTEROSSEOUS NERVE. 271

and extensor carpi raclialis longior. It is consequently the nerve

which is most affected in the ordinary form of lead palsy. In this

paralysis the muscles affected are especially the extensors of the

fingers and of the wrist. As an almost invariable rule, the supinator

longus for some unknown reason escajjes, and the extensor of the

metacarpal bone of the thumb is not completely paralyzed although

it may be paretic. The reason for the exemption of these two

muscles in lead palsy has not been satisfactorily stated. The supi-

nator longus is not supplied by the interosseous nerve, but by a

branch of the main trunk of the musculospiral nerve. The extensor

of the metacarpal bone of the thumb, however, is supplied by the

interosseous. It seems that the poison in these cases has a selective

action and must be expended largely apon the interosseous nerve

instead of the main trunk of the musculospiral. This is in accord

with the clinical facts, except that the extensor of the metacarpal bone

of the thumb escapes, while, on the other hand, the long radial ex-

tensor of the wrist, which is supplied from the main trunk of the

musculospiral, is usually involved. In cases of lead poisoning, how-

ever, it must be recalled that many muscles and nerves in other re-

gions of the body are involved, so there is no positive law limiting

the action of the poison to the extensor muscles of the wrist. The
type of paralysis just referred to, however, is undoubtedly a very

common one in lead poisoning and produces the characteristic wrist

drop.

The symj)toms of wrist drop due to lead poisoning are as follows

:

The hand cannot be extended at the wrist in the worst forms. In

some cases, however, the hand can be slowly extended with a jerky or

spasmodic movement when the fingers are flexed. When the fingers

are extended the paralysis is absolute. This seems to depend upon
the fact that flexion of the fingers gives the weakened extensors a

more advantageous purchase or basis of support. The supinator

longus muscle is not involved (see Fig. 31). It stands out promi-

nently, especially when the extensor muscles are atrophied, and pre-

sents one of the most characteristic features of lead palsy. The ex-

tensor of the metacarpal bone of the thumb is usually not completely

paralyzed, although it does not escape entirely. Because of the

absolute loss of power in many of the other extensor muscles the

movements of the tendon of this muscle may appear quite conspic-

uous. As the interossei and lumbrical muscles are unaffected the

distal phalanges of the fingers may usually be extended, but this

function is aided by a passive extension of the j^roximal phalanges,

which are paralyzed.

Lead palsy being due to the action of a poison upon the nerve
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trunk lias all the characteristics of a peripheral palsy. The muscles

atrophy aud the reactions of degeneration appear. These reactions

in mild cases may not be complete, but in the more severe forms

all electro-excitability of the muscles may eventually be lost. The

atrophy of the muscle is sometimes extreme. As a rule, sensation is

not impaired in lead palsy. The principal sensory branches of the

musculospiral nerve are from its main trunk and through its radial

division, and the exemption of these demonstrates again the selec-

tive action of the poison. In some cases, however, there is dimin-

FiG. 31.—Paralysis of the Extensors of the Hand, with Preservation of Size and Power in the

Supinator Longus Muscle in a Case of Lead Poisoning.

ished sensibility. This is seen in grave forms of lead palsy in other

regions of the body even more markedly than in the forearm. Thus

I have seen tactile anaesthesia well marked in the legs in cases of

pseudotabes due to multiple neuritis caused by lead. In the fore-

arm, however, tactile anaesthesia is not common in my observation in

the ordinary wrist drop caused by lead.

Lead palsy is always bilateral. I know of no instance in which

it has been confined to one arm. In some cases, however, one arm

is affected before the other or may be worse affected than its fellow.

Some observers claim that the right arm suffers sooner and worse

than the left. The inference is that this is due to the local absorp-

tion of the poison. Manouvriez"" called attention to the local effects

of lead and claimed that these local effects correspond to the local

application of lead to the skin. In some of his cases, for instance,

the workmen had used their feet to stamp lead and had loss of

power in the leg. Anaesthesia has .occurred in an area to which
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lead had been applied. Pain is not a common symptom in wrist

drop due to lead. All forms of subjective sensory symptoms as a

rule are wanting.

The diagnosis of lead pals}^ of the forearm can be made first from

the distribution of the palsy itself. The exemption of the supinator

longus and of the extensor of the metacarpal bone of the thumb dis-

tinguishes it from most cases of paralysis of the musculospiral nerve.

The extreme muscular wasting with reactions of degeneration and its

slow tendency to recovery in some cases are also rather in contrast

with pressure palsy. Second, the history of the case is usually de-

terminative, although it must not be forgotten that lead poisoning

sometimes occurs insidiously and from very obscure sources. In all

cases, however, there are usually other symptoms of plumbism, the

most prominent of which are the blue line on the gums and colic.

Third, lead pals^^ is uniformly bilateral, whereas pressure palsy, as

a rule, is unilateral. This rule, however, has exceptions, as in the

case above referred to, observed by the writer, in which a man had

paralysis of both musculospiral nerves due to the pressure of

crutches.

The prognosis of lead palsy of the interosseous nerve depends, of

course, upon the severity of the lesion. In mild cases under proper

treatment and removal of the cause, recovery may take place in from

six to eight weeks. In grave cases, however, such as occur in patients

who continue to expose themselves to lead after the appearance of

their premonitory symptoms, the prognosis is somewhat doubtful.

I have known a few cases in which wrist drop with extreme wasting

of the muscles had persisted for more than a year and threatened to

be permanent. Even the milder cases are rather obstinate and pro-

longed, and the patient should be told at the beginning that his

disability may last for several months.

The treatment of lead palsy of the interosseous nerve should be both

general and local. A general antidotal treatment should of course

be adopted. This is described in detail in Vol. III. of this work.

It is sufficient to say that it should consist in the use of the iodides

and of sulphuric acid. Of prime importance, however, is the re-

moval of the cause. A patient who has once had lead palsy, or in

fact lead poisoning in any form, should never be permitted again to

work in lead or to be exposed to it in any waj^ if this can possibly

be avoided. Such patients are especially susceptible to recurring

attacks. This is true particularly of the symptoms here under con-

sideration. The local treatment of lead palsy consists in the use of

electricity, massage, and strychnine under the skin over the affected

muscle. This treatment, it cannot be disguised, does not always

Vol. XL—18
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give rapid or brilliant results. It should, however, be persevered in

patiently. In cases in which faradic contractility is abolished the

galvanic current alone should be used.

Diseases of the Posterior Thoracic Nerve.

This nerve, called also the external respiratory nerve of Bell, arises

by two roots from the fifth and sixth cervical nerves just before their

junction in the brachial plexus. It has a very long course upon the

outer surface of the serratus magnus muscle, extending along the

side of the chest to the extreme lower border of that muscle, which

it supplies with numerous filaments (Gray). In the neck it pene-

trates the middle scalenus muscle and it is at this point that it is

probably most exposed. This nerve is distributed entirely to the

serratus magnus muscle and thus is one of the most important

respiratory nerves. The muscle arises by nine heads from the outer

surface of the eight upper ribs, the second rib having two, and is in-

serted into the posterior border of the scapula. Its actioD, therefore,

when the shoulder is fixed, is to elevate the ribs and thus expand the

chest. When the chest is fixed this muscle rotates the inferior angle

of the scapula forwards, thus elevating the shoulder. It also tends

to hold the scapula steadily to the side of the chest. By its action in

fixing and elevating the shoulder it assists in carrying weights.

These actions must be understood by the clinician to enable him to

recognize the rather anomalous appearance caused by paralysis of

the serratus magnus muscle.

The posterior thoracic nerve may be injured in a variety of ways.

One of the commonest is from carrying a heavy weight on the

shoulder. Muscular exertion also seems in some instances to act as

a cause. This is i)robably because the course of the nerve through the

scalenus muscle renders it peculiarly liable to compression and in some
slight degree to torsion. Thus paralysis of the nerve has been known
to follow severe exertion with the upper arm : and it has also occurred

during parturition. Blows and wounds about the neck or upon the

chest wall may also involve the jiosterior thoracic nerve. Exposure to

cold may possibly act as a cause, and it is possible that some cases,

erroneously ascribed to overexertion, ma.y be due to ex])Osure to cold

when the surface of the body is overheated and perspiring. Injuries

and isolated diseases of the posterior thoracic nerve are rather rare.

The serratus magnus muscle, however, may be involved in more
widesi)read degenerative affections, such as i)rogressive muscular

atrophy. Paralysis of the respiratory muscles is not uncommon in

alcoholic multix)le neuritis. Thus the patient may be unable to ex-
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pand the cliest as mucli as an inch. In these cases the posterior

thoracic nerve is probably the seat of inilammatory changes.

The sj^mptoms of paralysis of the serratus magnus muscle are

easily recognized when once understood, but these cases are so rare

that the unique appearance caused by this x>aralysis may puzzle

some observers. The striking symptom is a j^reternatural mobility

of the scapula. This is shown especially when the arm is elevated.

The scapula then, instead of being held firmly to the side of the chest,

as a basis of support for the arm, recedes widely from the cliest at

its posterior edge, and at the same time rotates so that its inferior

angle flies upwards and outwards and the acromium tends to de-

scend. This extreme mobility of the scapula produces two striking

effects. First, it gives the patient a peculiar "winged" appearance,

caused by the odd movement of the scapula away from the chest

wall. This movement leaves a deep sulcus between the posterior

edge of the scapula and the chest wall. Second, the hampered move-

ment of the arm when it is elevated, due to a loss of its base of

support, is unlike anything caused by other paralyses. The in-

spiratory movement of the chest on the affected side, especially

deep inspiration, is also affected by paralysis of this muscle. The
chest is visibly not expanded on the affected side. In some cases

pain about the neck is a prominent symptom in the early stages

of paralysisof the posterior thoracic nerve. This probably indicates

that the nerve is affected by an inflammation of a rheumatic charac-

ter or is due to cold at the point where it penetrates the scalenus

muscle. This cause, I am convinced, is more common than is gener-

ally supposed. The paralysis, in the great majorit}^ of instances, is

unilateral. Cases have occurred, however, in which both nerves were

affected. I once saw such a case in a child. The affection is more
common in men than in women, and this evidently because the former

are more exposed to the causes which produce it

—

i.e., severe muscular

exertion, followed by checking of perspiration due to exposure to cold.

In severe cases the muscle is no doubt the seat of the reactions of de-

generation, but these can be demonstrated only with great care by ap-

plying one pole to the neck over the region of the scalenus muscle

and passing the other along the fleshy heads of the serratus magnus

muscle where they are attached to the ribs.

The prognosis in these cases should be guarded. As in the case

of paralysis of the seventh nerve due to exposure to cold the course

of this affection is sometimes tedious. Cases may persist for some

months.

In cases in which pain is present over the scalenus muscle active

counter-irritation by means of a blister should be used. The salic-
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ylates also may be given in cases in which it is suspected that cold

has acted as a cause. Electricit3% especially the galvanic current,

may be used. In severe cases it is well to put the arm at rest even

for a while in a sling.

Diseases of the Suprascapular Nerve.

The suprascapular nerve arises from the posterior trunk of the

brachial i^lexus (YanGehuchten*). It enters the supraspinous fossa

through a notch in the upper border of the scapula, passes beneath the

supraspinatus muscle and enters the suprasi)inous fossa in front of

the spine of the scapula. It supplies the supraspinatus and infra-

spinatus muscles. It is occasionally the seat of injury from blows

or from carrying heavy weights or, according to Gowers, from luxation

of the shoulder-joint, in which latter case the circumflex nerve also may
be injured. The paralysis of the supraspinatus and infraspinatus

muscles interferes with sundry movements about the shoulder-joint,

especially the excursions of the humerus. The act of writing, for in-

stance, may be impaired, the patient being unable to make the lateral

movements necessary to move the pen. As the infraspinatous muscle

wastes, the posterior part of the deltoid stands out conspicuously by

comparison, and this has led some observers to claim that this portion

of the deltoid becomes hypertrophied, but this is doubtful. As the

supraspinatus assists the deltoid in raising the arm from the side, this

motion is slightly impaired by injury of this nerve. The paralysis

of the infraspinatus causes an undue rotation at the head of the

humerus inwards ; and when the arm is raised it tends to fall slightly

forwards because of this paralysis.

The prognosis of this affection is favorable, although the duration

of the paralysis may be prolonged for weeks.

The treatment is by rest and electricity and massage to the affected

muscles.

Diseases of the Ulnar NerVe.

Tlie ulnar nerve arises from the inner trunk of the brachial plexus

in common with one of the branches of origin of the median nerve.

It descends on the inner aspect of the upper arm, at first in close prox-

imity to the brachial artery, bat in the lower portion of the arm it

deviates from that arterj-, passing more to the back of the upper arm.

Its course lies through a groove between the internal condyle and the

* Gray gives its origin from the cord formed by tlie fifth, sixth, and seventh

cervical nerves, but he differs somewliat from Van Gclmchten in his description of

the brachial plexus.
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olecrauou, at wliicb point it is very superficial and in most persona

can be readily felt. Passing from this groove behind the inner con-

dyle it enters the forearm between the two heads of the flexor cari)i

ulnaris muscle. It descends on the ulnar side of the forearm, being

placed upon the flexor profundus digitorum muscle. For most of its

course in the forearm it is in close proximity to the ulnar artery. At
the wrist the nerve crosses the annular ligament and just beyond this

ligament divides into its two terminal branches—the superficial and
deep palmar (Gray). The ulnar nerve gives off no branches in the

upper arm. At the elbow it gives off an articular branch, and lower

in its course it gives off muscular and cutaneous branches and another

articular branch which supplies the wrist. The muscles sujjplied by
the ulnar nerve are especially the flexor carpi ulnaris and part of the

flexor profundus digitorum, the palmaris brevis, the muscles of the

little finger, the dorsal and palmar interosseous muscles, two of the

lumbricales muscles, the adductor poUicis, and one head of the flexor

brevis pollicis. In consequence of this distribution the ulnar nerve

is exclusivelj^ a flexor nerve. By the flexor carpi ulnaris muscle it

presides partially over the flexion of the hand at the wrist. By the

flexor profundus digitorum it presides over the flexion of the last

phalanges, especially of the little and ring fingers. By the lum-

bricales, which are accessories to the deep flexor muscle, it still

further controls this movement. By the interossei it partially con-

trols the lateral movements of the finger and the extension of the

second and third phalanges and flexion of the first. By the adductor

pollicis it controls partially the movement of the thumb towards the

palm.

By its cutaneous branches it supplies part of the skin of the fore-

arm, especially that over the ulnar aspect, and also the skin covering

the ulnar aspect of the hand, the little finger, and the ulnar side of

the ring finger.

The ulnar nerve is especially liable to injury and disease. Its

very exposed course in some portions of the arm, especially behind

the internal condyle and at the wrist, renders it extremely liable to

injury in lacerated and incised wounds of the arm and forearm. All

sorts of cuts from all sorts of weapons may injure the ulnar nerve.

It has been divided by a stab wound from a knife, injured in the

lacerated and contused wounds caused by machinery, and even sev-

ered by broken glass. I knew an instance of the latter accident in the

case of a house painter, who fell through a skylight, severely lacer-

ating his arm and severing the ulnar nerve and artery. Gunshot and

pistol-shot wounds have also involved this nerve. It has been injured

by prolonged pressure in the case of a glass-blower at his work.
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Ballet'" records an instance of this kind. Tlie ulnar nerve has also

been involved in malignant growths. Thus Briddon"' related a case

of sarcoma of the ulnar nerve which ended in amj)utation of the shoul-

der-joint and exsection of the scapula. S. Jones"' reported a case

of neuroma, following trauma, of the ulnar nerve, with loss of function.

The nerve has sometimes been dislocated with varying effects upon

its function. F. J. Lutz'" reported an instance of habitual disloca-

tion of the left ulnar nerve. Blattmann"^ also contributed to this

subject of dislocation of the ulnar nerve as early as 1851. Whar-
ton'" has reported a case of dislocation of the ulnar nerve at the

elbow, and has given a resume of thirteen other cases from the litera-

ture. He says that this accident is usually associated with fracture

or dislocation, but it may also result from direct violence, from mus-
cular effort, or from violent flexion of the forearm. This latter acci-

dent causes laceration of the fascia, which holds the nerve in its groove

behind the internal condyle. The symptoms are pain, tingling, and
some disability of the elbow, but they usually subside rapidly'. Per-

manent disability is rare. This is likely to follow in those few in-

stances in which neuritis develops. The nerve should be replaced,

and, if necessary, kej^t in yjlace by fixation of the elbow-joint in

plaster of Paris. MacCormick fixed the nerve in place with loo])s of

kangaroo tendon passed through the inner margin of the triceps and

then around the nerve.

The ulnar nerve has been injured by fracture of the bones of the

arm. Thus Panas'" relates a case of paral3^sis of the ulnar nerve,

showing itself twelve years after a fracture at the elbow. This was

supposed to be due to a gradual filling up of the groove behind the

internal condyle in which the nerve runs, and to gradual pressure

ujion the nerve and alteration of its nutrition. This alteration con-

sisted in a thickening and induration of the nerve, simulating a neu-

roma.

Avezou'" relates a case of fracture of the humerus, causing a lesion

of the ulnar nerve. This resulted in atrophy of the arm, i)aius in

the elbow, and trophic lesions in the hand ; the fingers, the hand, the

wrist, and the lower part of the forearm were discolored a violet

hue. In this case sensibility had almost entirely disappeared from

the dorsal aspect of the hand save in the area of the second and third

phalanges of the index, middle, and ring fingers.

Next to injury alcoholic multiple neuritis is probably the most
frequent cause of im])airraent of the ulnar nerve, but this occurs, of

course, in conjunction with paralysis of many other nerves of the

body. Isolated neuritis of the ulnar nerve, due to cold for instance,

is probably never seen. I have never seen nor heard of an unequiv-
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ocal example of this cause of neuritis, although some cases which

are reported of paralysis of the ulnar nerve, due to exposure during

sleep and sujJiDOsed to be favored by i^ressure, may possibly have

been partially due to cold. Pressure palsy of the ulnar nerve, caused

during sleep, is not nearly so common as this kind of i:)alsy of the

musculosjjiral nerve. The position of the nerve on the inner aspect

of the arm leaves it less exposed than is the musculo-sj^iral nerve.

Still a few examples have been seen. The nerve may be injured,

as already said, in cases of fracture at various points of the bones

of the arm and forearm and also in dislocation, especially of the elbow-

joint. Gowers refers to a case of inflammation of the ulnar nerve follow-

ing parturition, and Bernhardt referred to a case following typhoid

fever. In both these instances pressure was probably a factor in the

causation. In prolonged and difficult labor excessive muscular exer-

tion, with pressure or probably a blow or contusion unconsciously

inflicted by the patient herself, might cause injury and paralysis of

the nerve.

The symptoms of disease and injury of the ulnar nerve are pa-

ralysis of the muscles supplied by the nerve, causing a characteristic

impairment and deformity of the forearm and hand, anaesthesia in a

well-defined territory, and trophic lesions.

The paralysis of the flexor carpi ulnaris muscle, which is one of

the two important flexors of the wrist, causes a deviation of the hand
towards the radial side on attempts at flexion. This imj^airs very

much the patient's ability to grasp objects firmly and draw them

towards him. Flexion of the little and ring fingers is especially

impaired ; in fact, the little finger is almost entirely paralyzed. The
power of adduction of the thumb towards the palm is lost ; and the

abolition of this most important function seriously impairs the pa-

tient's ability to grasp small objects. The paralysis of the interossei

and lumbricales muscles causes abolition of the power of flexion of

the first phalanges and of extension of the second and third pha-

langes ; but this loss is less in the first two fingers because their mus-

cles are supplied by the median nerve. This paralysis of the inter-

ossei and lumbricales muscles causes a very characteristic deformity,

which cannot be mistaken after it is once seen. Thus the first pha-

langes become overextended, much more than is possible hj volun-

tary power, and the second and third phalanges become strongly

flexed. This gives the hand a peculiar claw-like appearance, which

has been called by the French the "main-en-griffe." This is seen

only as a result of paralysis of the muscles supplied by the ulnar

nerve, but is rather more complete in cases of muscular atrophy

than of peripheral lesions of the nerve trunk, for the reason that
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in the former case tlie lumbricales of the first and second fingers

are also involved. In long-standing cases, in which muscular

atrophy has occurred, the hand is peculiarly wasted and distorted.

The spaces between the metacarpal bones are hollowed out be-

cause of the wasting of the interossei muscles. The palm of the

hand is especialh^ wasted and hollowed and the hypothenar emi-

nence is flattened. The unaffected thenar muscles stand out con-

spicuously and the opponens muscle of the thumb causes rota-

tion forwards of that member. Sensation is variouslj' affected in

lesions of the ulnar nerve according to their severity. Tingling and

bui'ning sensations are not uncommon and may be aggravp-ted by

pressure on the nerve behind the internal condyle. As in the

cases of all nerves, however, the motor fibres may be more involved

than the sensory. This may be so in cases especially of injury

caused by pressure. In totally destructive lesions anaesthesia in the

area of distribution of the nerve will be complete. This area is on

the ulnar side of the hand, in both the palmar and dorsal aspect, and

includes the whole of the little finger and the inner half of the ring

finger. The anaesthesia may also extend some distance above the

wrist on the ulnar asi)ect of the arm. In irritative lesions of the

nerve, such as lacerated wounds and gunshot and pistol-shot wounds,

trophic lesions are not uncommon. Thus a portion of the hand and
forearm may become swollen and osdematous, and the skin over the

ulnar distribution may present the peculiar glossy appearance seen

in this kind of nerve injury. These phenomena are accompanied

with burning pain, the " causalgia" of Weir Mitchell. In addition

to the extreme muscular atrophy other trophic lesions may appear.

Herpetic and pemxjhigoid eruptions may occur and these may break

down in ulcers. Occasionally even whitlow may supervene.

The diagnosis of lesions of the ulnar nerve is comparatively easy.

The symptoms just described are so characteristic as to l^e unmis-

takable, and usually the history of the case is clear. In mild cases

due to pressure, which has occurred unconsciously to the i)atient, as

during sleep or in the agony of parturition, some little care may be

necessary to establish the diagnosis. Even in these cases, however,

the impairment of power is (piite characteristic. The awkwardness of

the patient in flexing the hand, the impairment of ability to hold

objects firmly, the weakness of the thumb due to the paralysis of its

adductor muscle, the paralysis of the little finger, and the impaired

power of flexion of the first phalanges, all constitute a picture which
is unmistakable. That the affection is ])eripheral and confined to the

muscles supplied by the one nerve can readily be determined by the

preservation of power of all the other muscles in the forearm.
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As in all cases of lesions of nerve trunks the muscles degenerate and
the reactions of degeneration are usually i^romptlj- established. Ex-
ceptions may occur in cases of very mild injury, and in such instances

electro-excitabilit}^ of the muscles may not be radically altered. Even
in such cases, however, there is usually some diminution or even

complete abolition of the faradic contractility.

The treatment of lesions of the ulnar nerve will dej)end of course

largely upon their nature and extent. In grave surgical lesions the

treatment of the nerve forms part of the general treatment of the case.

After the injury to the soft parts has been properly treated the arm
should be put at i^erfect rest. Later, when the wounds have healed,

if paralysis of the muscles persists, electricity should be used. In

cases in which the nerve has been badly lacerated direct surgical

treatment of the wound may be necessary. This is so especially if

the nerve has been comi:)letely severed. In such a case its ends

should be carefully trimmed and sutured with all antiseptic precau-

tions. In long-standing cases, in which muscular atrophy and con-

tracture have occurred, great care and patience will be necessary.

The fingers should be supported on a splint, electricity should be ap-

plied, gentle massage should be used, and strj^chnine should be given

hypodermically . In cases of slight injury about the olecranon, in

which the nerve trunk can be felt to be swollen and sensitive, counter-

irritation by means of a blister should be used. Iodide of potassium

and the salicylates are of no. use in the great majority of cases of in-

jury to the ulnar nerve. In any rare instance, however, in which a

rheumatoid inflammation seems to have been excited in the nerve

trunk, the patient might have the doubtful benefit of treatment with

the salicylates.

The prognosis in all cases of injury to the ulnar nerve should

be most guarded. In cases of severe injury the progress will be

slow and tedious. The resulting deform it \^ will be very great, and
most disabling to the patient. In some cases, in fact, permanent

disability will result. In cases in which the muscular atrophy has

advanced to such an extreme degree that the characteristic " main-en-

griffe" has resulted, the prospect for a comi)lete recovery is exceed-

ingly doubtful. Even in such cases, however, persistent efforts

should be made with electricity, massage, and passive movements to

overcome the deformity and to restore some function to the disabled

hand. The importance of this can be recognized when it is under-

stood that the deformity caused by hopeless paralysis of the ulnar

nerve entails upon the patient a disability which is even worse than

that caused by an amputation of the forearm.
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Diseases of the Median Nerve.

The median nerve arises by two branclies, one from the inner and

one from the outer cord of the brachial plexus. These branches

embrace the axillary artery, uniting just in front of or a little

to the outer side of that vessel (Gray). Its relations as it passes

down the arm are especially close to the artery. At the bend of the

elbow it lies on the inner side of this vessel and in close i^roximity

to it. It descends through the middle of the forearm on its

anterior aspect just beneath the flexor sublimis muscle. Before

reaching the annular ligament at the wrist it becomes much more

superficial, lying between the flexor sublimis and flexor carpi radialis

and covered only hj the skin and fascia. It passes under the annular

ligament into the palm of the hand, where it divides into digital

branches to the thumb, index, middle, and ring fingers. The me-

dian is a mixed nerve, i.e., it contains both motor and sensory fibres.

All its branches are given off in the forearm. It supplies all the mus-

cles on the front of the forearm except the flexor carpi ulnaris and the

inner half of the flexor profundus digitorum. The muscles supplied

by the median nerves, in other words, are largely flexor and pronator,

while in the palm of the hand it supplies the abductor, the opponens,

and the short flexor of the thumb. It supplies the first and second

lumbrical muscles. The median nerve is thus the fellow of the ulnar

nerve, both of them being almost entirely flexor.

The sensory fibres of the median nerve supi)ly the palm of the

hand and the palmar surfaces of the thumb, index and middle fingers,

and the radial side of the ring finger.

The median, like the ulnar nerve, may be the seat of either injury

or disease. It is apparently, however, not so often injured as the

ulnar or musculospiral nerves. The reason for this must be its

location, although it is apparently as much exposed as the ulnar. In

the forearm, however, it is rather more protected, and also where it

crosses the elbow, as it is there on the internal aspect of the arm,

whereas the ulnar crosses that joint in a very superficial location

between the olecranon and internal condyle. In cases in which it is

injured by incised, lacerated, or contused wounds, there is also of

necessity more or less injury to blood-vessels and tendons. The
median nerve may be injured and even entirely divided by incised

wounds. Boeckel"" relates such an accident to the median nerve,

associated witli division of the flexor tendons and the brachial artery.

Duret"" reports a case of contused wonnd of tliis nerve, followed by

trophic lesions. Ferret '"' reports a case of injury to the median



DISEASES OF THE MEDIAN NERVE. 283

nerve caused by a surgical operation to tlie elbow. Lefort '"' relates

a case of gunshot wound of the median nerve. Gunshot Avounds of the

nerve, in fact, seem to be the commonest injury. Lawrie '"" and

Warren'" have related instances of such wounds. Avezou,'" in his

monograph on contusions of the nerves of the arm, has related a

number of instances of injury to the median nerve. Isolated diseases

of the median nerve, such as inJlammation due to cold, are exceedingly

uncommon. This nerve is, of course, involved with man}- other nerves

in multiple neuritis from various causes. Thus in the neuritis caused

by alcohol the median nerve may be involved, although the muscles

supplied by it are not so much affected in this disease as are the

extensor muscles of the hand supplied by the musculospiral nerve.

Potain'^* has reported a case of paralysis of the median nerve, which

he describes as of rheumatic origin. Such a case might possibly

be caused by exposure to cold, but this, as said above, must be ex-

tremely rare. The nerve is not often involved by pressure of the

head during sleep, as is the musculospiral. This is evidently be-

cause its ]3osition does not favor such an accident. Fractures of

the bones of the forearm may involve the median nerve, and redun-

dant callus may make pressure upon it. Violent muscular contrac-

tion of the pronator teres muscle has been known to cause paralysis

of this nerve (Weber, quoted by Gowers)

.

The symptoms of paralysis of the median nerve are loss of power

of pronation and flexion. The forearm cannot be pronated beyond

the mid-position, and when this is attempted the patient endeavors to

supplement the movement by rotating the humerus inwards and at

the same time abducting the elbow from the side. Flexion of the

wrist can be accomplished only by the flexor carj^i ulnaris. Conse-

quently the hand is strongly flexed towards the ulnar side only . The
thumb cannot be flexed and abducted, and, because of the paralysis of

the opponens muscle, cannot be opposed to the tips of the fingers.

This is a very characteristic disability caused bj^ paralysis of the

median nerve. Flexion of the phalanges is lost except for the distal

phalanges of the ring and little fingers which are supplied by the

ulnar half of the flexor profundus digitorum. The unopposed ex-

tensor action of the interossei muscles may cause a subluxation of

the articulation between the middle and distal phalanges. The

thenar eminence wastes. Anaesthesia, if present, is on the surface of

the palm, on the palmar surfaces of the thumb, index, and middle

fingers, on the radial side of the ring finger, and on the dorsal tips

of the thumb and first three fingers (Fig. 32).

As in all cases of injuries to nerves trophic lesions are not uncom-

mon. In a case reported by Duret "° such lesions were found. Scars
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were formed at the extremities of the fingers as a result of trophic

ulceration. Bichelot '"' relates a case of wound of the median nerve

with adherent cicatrix and anaesthesia and trophic disorders. Voi-

turiez'^' also relates a case of wound of this nerve causing trophic

lesions.

The diagnosis of paralyis of the median nerve is usually deter-

mined by the history of the case and the characteristic distribution

of the paralysis of the muscles. The loss of power of pronation, the

Fig. 32. —Anaesthesia from Paralysis of the Median Nerve. (Avezoii.)

awkward flexion of the wrist, the adduction and extension of the

thumb, and the loss of power of flexion of the fingers are all charac-

teristic. The affected muscles waste and present the reactions of de-

generation, and these symptoms serve to distinguish the paralysis

from that caused by cerebral lesions.

The freatmeut of injuries to the median nerve is similar to that

indicated for the ulnar. In case of division of the nerve the ends

should be freshly pared and sutured. The associated wound of the

soft parts will of course recpiire si)ecial surgical treatment and the

arm should be x>ut carefully at rest. Later, if paralysis persists, elec-

tricity, massage, and strychnine should be used.

The distribution of the sensory terminals of the median nerve

in the skin is a subject of some interest. Cruveilhier tauglit that

the skin of the dorsal aspect of the fingers received all its sensory

supply from the radial and ulnar nerves. Anatomists generally,

however, have claimed that the various terminals of tlie nerves of the

arm anastomose, but such anastomosis we recognize now with our
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present knowledge of tlie neuron to be impossible. Letievant noted

later that the facts of jjatbology were in opposition to the teachings

of the anatomists. Richelot collected many observations upon the

affections of sensibility occurring after section of the median nerve.

According to his observations the dorsal aspect of the last two

phalanges of the index and middle finger and the radial half of the

last two phalanges of the ring finger receive their sensibility from the

median nerve. It is possible also that the dorsal aspect of the last

phalanx of the thumb receives its sensory supply from the median

nerve. Thus in a case recorded by Durham,'" of paralysis of the

median nerve after wound at the wrist, there was diminution but not

abolition of sensibility upon the dorsal aspect of the second phalanx

and thumb. Three months after the accident the patient had almost

normal movements at the wrist, and could flex and extend his fingers,

but not perfectly. The sensibility in the distribution of the median

nerve was almost entirely lost, i.e., upon the jjalmar surface, in the

usual area. On the dorsal aspect of the hand sensibility was abolished

over the terminal phalanges of the ring, middle, and index fingers,

and was diminished but not entirely lost over the terminal phalanx

of the thumb. It is possible, however, as Avezou'" states, that this

was an anomalous distribution. It seems in fact that the median

nerve presents varieties of distribution, but the one shown in the

diagram after Avezou (Fig. 32) probably rej)resents its widest dis-

tribution and corresponds with the affected area in Durham's case.

Diseases of the Anterior Thoracic Nerves.

These nerves, two in number, supply the pectoralis major and

minor muscles. The external nerve arises from the outer cord of the

brachial plexus and is distributed to the under surface of the pec-

toralis major muscle. The internal nerve arises from the inner cord

of the brachial plexus and is distributed to the under surface of the

the pectoralis minor and pectoralis major muscles. These nerves may
be involved in any lesion high in the brachial plexus. As they arise,

however, from the up]3er part of the outer and inner cords respec-

tively they escape in any lesion of the brachial plexus below the

clavicle. Thus in Raymond's case of injury to the retroclavicular

portion of the brachial plexus by a large blood clot, causing press-

ure, these nerves were not involved, consequently the pectoral mus-

cles were not paralyzed. Isolated paralj^ses of these nerves must

be extremely rare. I do not know of any example. They w^ould not

likely be injured by any lesion that did not also involve some other

branches or some trunk of the plexus itself. In cases of general
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muscular atrophy involving tlie muscles of the shoulder and arm the

muscles supplied bj' these nerves may be wasted. The nerves them-

selves are never the seat of an isolated neuritis caused by cold or by

any poison circulating in the blood. A few instances are on record

of congenital absence of the pectoralis major and minor muscles.

The exact cause for such an abnormality is not clear. Defective

development or absence of these muscles has been attributed to trau-

matism or to infantile paralysis. Congenital absence of other

Fjg, 33.—Absence of the Right Pectoralis Major and Minor Muscles.

muscles has also been noted, although from the literature it seems

that this absence of the tAvo pectoral muscles is rather the most
common.

The foUoAving case of congenital absence of the pectoralis major

and minor muscles is recorded here as an instance of this rather rare

anomaly, although it has been impossible to associate it with injury

or disease of the anterior thoracic nerves.

P. M
, aged 53, white, was admitted into the P]nladeli)hia

Hospital, under my care, for syphilitic meniugomyelitis of the
middorsal region. The muscular anomaly is as follows: On the
right side of the chest there is great de])ression and flattening in the
region of the pectoral muscles. Examination shows that there is
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complete absence of the lower belly or sternal portion of the greater
pectoral muscle and of a portion of the upper belly or clavicular j)or-

tion. Only that small jjart of the muscle remains that is attached
to the middle third of the clavicle. The pectoralis minor muscle
is entirely absent. Upon abduction of the arm the costocoracoid
membrane stands out prominently as a fibrous band, and the small
remaining portion of the clavicular belly of the pectoralis major
becomes knotted and firm, showing good development. In no move-
ment of the arm has the patient noted the least weakness or incon-
venience, and this is a remarkable feature of the case. He says he
is as strong in his right arm as in his left. He has always been used
to hard work as a laborer, most of his time having been spent with
the jnck and shovel in a stone quarry. The asymmetry of the right

side of his chest, he says, has been present since birth. No history
of dystocia could be obtained. There is no history' of malformation
in other members of the family. The only impairment of motion is

seen when the patient's arm is forcibly abducted and held, then when
he is bidden to adduct the arm across the chest there is evidently

some failure of power, which is made up in part bj- violent move-
ments of the deltoid muscle.

Azam and Casteret '"" have reported the cases of two young
soldiers in whom the pectoral muscles were absent. In one case the

j)ectoralis major was reduced to a slender fasciculus composed of the

clavicular portion, and to an hypertrophied fasciculus attached to two

ribs and to the border of the sternum. The pectoralis minor was a

slender fasciculus merely. In the second case the pectoral muscles

on the left side were entirely wanting.

Fere''" gives a picture of an exDileptic boy with congenital ab-

sence of the great pectoralis muscle of the left side. He says it is

the onl}^ anomaly of the kind he has seen in an epileptic. No sig-

nificance, however, can be attached to the anomaly with respect to

epilepsy. Poland'''" reported a case of absence of the pectoral mus-
cles in a convict.

Hofmann"" reports a case of a man aged forty-seven who pre-

sented the following condition : The sternal portion of the right pec-

toralis major was completely absent, while the clavicular portion and
the pectoralis minor were well developed. The entire upper limb

was shorter and smaller than its fellow. The fingers of the right

hand were in the position of the claw^ hand. Between the right index

and middle fingers and between the latter and the ring finger there

was a bridge of skin to the middle of the first phalanx. Between the

ring and little fingers there was a similar bridge of skin extending a

little farther forwards. On the volar side of the right hand the in-

terphalangeal furrows were absent on all the fingers but not on the

thumb. In spite of the atrophy the right arm was as powerful as

the left. Hofmaun says that only ten cases of deficiency of the breast
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muscles with tliis condition of the hand have been reported. In most

of these cases the patients were men and the anomaly was on the right

side.

Diseases of the Musculocutaneous Nerve.

This nerve arises from the outer cord of the brachial plexus oppo-

site the lower border of the pectoralis minor muscle. After perfo-

rating the coracobrachialis muscle and the deep fascia it becomes

cutaneous. It supplies the coracobrachialis, biceps, and brachialis

anticus muscles. It also supplies some sensory filaments to the skin

of the ball of the thumb, and by a posterior branch it supplies the

skin of the lower third of the forearm on the radial aspect (Gray).

The musculocutaneous nerve, so far as I know, is never paralyzed

alone. It is involved, of course, in lesions of the brachial plexus, in

which case there is paralysis of the muscles supplied by it, i.e., the

biceps and brachialis anticus. As these muscles flex the arm upon
the forearm the power to effect this movement is lost. The paraly-

sis also causes anaesthesia on the radial aspect of the forearm, both

front and back.

Diseases of the Internal Cutaneous Nerve.

This nerve arises from the inner cord of the brachial plexus near

the origin of the ulnar nerve. It supplies the skin over the biceps

muscle and over the ulnar aspect of the forearm as far as the wrist,

both front and back.

This nerve is never paralyzed alone. It suffers, of course, in

lesions of the brachial plexus, in which cases there is anaesthesia in

its area of distribution, caused by interruption of its fibres.

Diseases of the Dorsal and Intercostal Nerves.

There are twelve pairs of dorsal nerves. As their name implies,

they arise from the dorsal portion of the spinal cord and pass out

through the intervertebral foramina, one beneath each dorsal ver-

tebra. These nerves are rather small in size compared with the

cervical and lumbar roots. Their intraspinal course {i.e, their course

from their origin in the cord to their point of emergence through the

intervertebral foramina) is rather longer than in the case of the cer-

vical nerves. At their exit from the intervertebral foramina these

nerves divide into two branches : a posterior branch or dorsal nerve

proper, and an anterior branch, usuall}' called intercostal nerve.

The dorsal branches supply the muscles of the back and give off

cutaneous branches which supply the skin with sensory filaments.
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The anterior branches of the dorsal nerves (called usually the

intercostal nerves) are distributed to the walls of the chest and abdo-

men. They are entirely separate from each other

—

i.e., they are not

Joined together in a i^lexus, in this respect differing from the other

groups of spinal nerves. Each nerve has a connection with a gan-

glion of the sympathetic system. These nerves pass forwards in the

intercostal spaces. In part of their course they lie in close proximitj'

to the pleura. The members of the upper group, or first six inter-

costal nerves, have a slightly different course from the lower six of

the second group, as is jjointed out by Gray ; but this distinction is

not of much clinical imi)ortance. The first grouj) supply the skin

of the mammae and front of the chest, and give muscular filaments

to the intercostal and triangularis sterni muscles. The x^rincipal

branches of the intercostal nerves are the lateral cutaneous nerves,

which arise midway between the spine and the sternum. These

are cutaneous branches largely sujjplying sensory filaments. The
lower group of six intercostal nerves supply the rectus muscle and

the skin of the front of the belly as well as intercostal and ab-

dominal muscles. They supply the skin especially of the sides of

the abdomen and back.

The first and last dorsal nerves have some peculiarities.

The first has resemblances to the cervical nerves, especially in the

mode of distribution of its dorsal branch. Its anterior branch forms

part of the brachial plexus. It has a small intercostal nerve which,

however, gives off no lateral cutaneous branch.

The last dorsal nerve is larger than the others. It has communi-

cations with the iliohypogastric branch of the lumbar plexus and

sometimes with the first lumbar nerve. Its lateral cutaneous branch

is a very large nerve and is distributed to the skin of the front of the

hip (Gray).

The dorsal and especially the intercostal nerves may be the seat

of various lesions, and in fact not infrequently furnish important

indications for diagnosis. The roots of these nerves are frequently

involved in meningitis of the spinal cord. They may also be injured,

inflamed, or pressed upon in spinal caries, and under these circum-

stances, especially if only one or two nerve trunks are involved, they

present most misleading symptoms. Obelinsky'^^ reports the case

of a man with a syphilitic history dating back twenty years, who had

violent intercostal neuralgia for several years. Treatment had failed.

The case was one probably of localized syphilitic leptomeningitis,

irritating a nerve root, and this diagnosis was api^arentlj^ confirmed

by the fact that the affection was cured eventually with hypodermic

injections of calomel. In syijhilitic leptomeningitis e&vlj and impor-
VoL. XI.—19
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tant indications are sometimes furnisliecl by irritation of the roots of

the dorsal nerves. Probably syphilis of the meninges and tubercu-

lous caries of the bones are the two most common causes of symj)-

toms in the course of the intercostal nerves. Tumors of the spinal'

cord often cause irritation of one or more roots of the dorsal nerves,

and this symptom may closely simulate simple intercostal neuralgia.

The causes just enumerated are of course central or almost central

in their location, but when it is considered that the intraspinal course

of the dorsal nerves is a long one and that therefore they are especially

liable to injury from lesions within the spinal canal or in the bones

of the spine, it is seen that these are properly instances of peripheral

lesions ; for it matters not whether a nerve trunk be injured within

or without the spinal canal, the lesion is practically in either case

peripheral. A common cause of disease of the intercostal nerves or

possibly of the posterior ganglia of the dorsal nerve roots is the

poison of herpes zoster. The chest is frequently invaded by this

disease and its location is determined by the course of the intercostal

nerves. The chest in fact is rather more commonly attacked than is

any other region. The intercostal nerves are frequently the seat of

severe neuralgia. This probably is the expression of slight nutritive

changes in the sensory neurons, caused by cold or by the action of

some poison in the blood. These nerves may also be injured by
wounds, bruises, and fractures. Perforating wounds of the chest

may possibly involve one or other of the intercostal nerves. Such

instances, however, are uncommon, as the nerve is well protected by

the bone. In fractures of the ribs, however, one or more of the in-

tercostal nerves may possibly be injured. In case of vicious union,

deformity, and redundant callus, irritation of one of these nerves

may become chronic and cause more or less persistent neuralgic

symptoms.

In alcoholic multiple neuritis it is possible that these nerves may
be involved, especially their motor branches to the intercostal muscles.

In this disease paral3sis of the movements of the chest in respiration

is not uncommon, especially in the graver form. I have occasionally

seen the jjower of expansion of the chest almost entirely abolished.

This constitutes a grave complication.

The symptoms of lesions of the dorsal and intercostal nerves are

both sensory and motor. The sensory symptoms are usually pain

and occasionally anaesthesia. In cases of meningitis in which a few
nerve roots in the dorsal region are involved it is not uncommon to

observe what is known as the "girdle symptom." This consists of

a sense of constriction about the chest, waist, or abdomen, which is

frequently described by the patient -as a feeling as though a string
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or band were tied tightly about the body. This is seen not un-

commonly in locomotor ataxia and more commonly still in syphi-

litic meningomyelitis, especially that form of the disease which is

known as "Erb's palsy." Acute localized pain in one intercostal

nerve has been observed in the early stages of spinal caries. This

may closely simulate and has been mistaken for an attack of ordinary

intercostal neuralgia. It may or may not be unilateral. It is usually

associated with some spasmodic action of the muscles of the back,

hence with stiffness of the back and with restriction of the free move-

ments of the trunk. Such movements, as well as pressure over the

vertebra and jars and shocks, such as may be produced by a blow on

the top of the head or by the patient jumping off a low stool, usually

increase this pain. Close inspection will usually reveal commenc-
ing deformity. Pain along the course of one or more dorsal or

intercostal nerves is not uncommon in cases of tumor of the spinal

cord in the dorsal region. In spinal tumors the pains are more
likely to be eccentric, because of the limited character of the lesion

and the almost exclusively peripheral distribution of the nerves (Mills

and Lloyd '" ). In these cases also, as Leyden pointed out, move-

ments of the spinal column are often difficult and painful. As in the

case of spinal caries there is also stiffness of the back and trunk.

Girdle sensations are not uncommon in cases of tumor of the dorsal

cord. According to Mills and Lloyd, tumors located in the dorsal

region give this sensation not only in the chest but also in the abdo-

men, the reason for which can be understood by reference to the

anatomy of the parts. The localizing value of this sensation is not

always exact. Thus in a case reported by Pel ''' a tumor at the level

of the sixth and seventh cervical vertebrae caused a constriction sense

about the legs and abdomen, and according to Lachmann'" a glioma

of the filum terminale caused a constriction sense of the chest, but

this latter observation is open to doubt. In cases of tumor of the

spinal cord paralytic symptoms are sooner or later associated with

the disorder of sensation. In herpes zoster the disease usually begins

with neuralgic pains, which are felt especially along the course of

one or two intercostal nerves. These pains usually iDrecede the

eruption by several days. They are of a very severe character and

are attended with heat and burning sensations in the skin. The

appearance of the eruption and its peculiar characteristic soon indi-

cate the true nature of the lesion. The disease is unilateral and

depends upon an inflammation of the sensory neurons in the inter-

costal nerves and probably more especially of their cell bodies in the

posterior ganglia. In most of these severe forms of involvement of

the roots of the dorsal nerves or the trunks of the intercostal nerves
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there is some embarrassmeut of respiration. This is probably not

truly paralytic, but depends upon the increased pain which is caused

by efforts to take a deep inspiration. Simple intercostal neuralgia

is marked by pain along the course of one or more intercostal nerves.

It may also cause some inhibition of respiration. It may closely

simulate pleurisy, but can be differentiated by the absence of the

physical signs of the latter. In hysteria a peculiar form of neuralgic

pain, centred about the mammary gland, especially in women, is

sometimes seen. This is called mastodynia. It is usually associated

with other hysterical symptoms. The patients in these cases are

usually the victims of the dread of cancer of the breast and are other-

wise neurotic.

I have known one instance in which an aneurysm of the thoracic

aorta caused severe localized pain along the course of one of the in-

tercostal nerves.

The diagnosis of affections of the intercostal nerves often requires

great care. In case of grave organic lesions, such as spinal caries,

syphilitic meningomyelitis, and tumor of the spinal cord, this inter-

costal pain may be misinterpreted, especially in the early stages.

In cases of spinal caries the diagnosis will be assisted by the

spasm of the dorsal muscles, restriction of the movements of the

chest, increased pain on movement and from shocks and jars, and by

the commencing deformity of the vertebrae.

In cases of tumor of the spinal cord the earliest symptom is some-

times irritation along one nerve trunk. Later, however, paralytic

phenomena supervene, such as paraplegia, more marked possibly in

one leg, loss of control of the bladder, and various areas of anaesthesia.

In syphilitic leptomeningitis the girdle sense is sometimes an

early phenomenon,' but other symptoms are soon apparent. Thus in

a case of a young man, recently seen by me, girdle sense was well

marked and was attributed by the patient to his having lifted a heavy

weight. He had abolished knee jerks, however, and some impair-

ment of his gait.

Herpes zoster is always heralded by severe neuralgic pains along

the course of one or more intercostal nerves. The eruption, how-

ever, makes its appearance in a few days and determines the diag-

nosis. In simple intercostal neuralgia the disease can be distin-

guislied from pleurisy by the absence of fever and the physical signs.

In hysterical mastodynia the peculiar localization of the i)ain and the

patient's mental and other hysterical symptoms make the diagnosis

comparatively easy. In the case of aneurysm of the aorta, above re-

ferred to, the symptoms were so strongly suggestive of a focal lesion,

apparently tumor, of the spinal cord, that a consultation was called
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for the purpose of determining the propriety of an operation. In
this case only the most careful and expert j^hysical examination

finally determined the presence of an aneurysm.

The treatment of the various affections of the dorsal and intercos-

tal nerves, just enumerated, depends of course uijon their cause.

Tumors of the spinal cord do not yield to drugs. The treatment, if

successful, must be surgical. The same may be said of spinal caries.

The disease falls to the care of the orthopedic surgeon, and the treat-

ment is conducted especially with rest and with the aid of suitable

braces and jackets. In the early stages of syphilitic leptomeningitis

of the spinal cord a most energetic antisyphilitic treatment is indicated

and will sometimes be followed with success. In the case of Obeliusky,

above referred to, cure was affected by the hypodermic injection of a

mercurial. This mode of administering mercury in the early stages

of nerve syphilis cannot be too highly recommended. The treatment

may be supplemented with large doses of iodide of potassium. Coun-
ter-irritation, as with blisters, and even with a hot iron, is recom-

mended by some, and has seemed in some cases to be useful, but it

can be regarded only as an adjuvant to thorough constitutional treat-

ment. In simple intercostal neuralgia treatment with the salicylates

and with some of the coal-tar derivatives, such as phenacetin, antipy-

rin, etc. , is indicated. Counter-irritation in these cases sometimes does

good. The treatment of herpes zoster has been conducted with a large

variety of drugs. This treatment is best described in works on

dermatology. In hj^sterical mastodynia suggestive therapeutics is

largely indicated. The danger from the use of sedative drugs, espe-

cially morphine, is that the patient may form some drug habit.

Diseases of the Lumbar Plexus.

There are five pairs of lumbar nerves. They emerge from the

foramina, one beneath each lumbar vertebra. The roots of the

lumbar nerves {i.e., the portions of these nerve trunks within the

spinal canal) are much longer than those of the cervical nerves. This

is due to the fact that the spinal cord terminates opposite the second

lumbar vertebra, and that consequently the roots of the lumbar nerves

must traverse some space before reaching their respective foramina.

These nerve roots thus go to form in part the leash of nerves known
as the Cauda equina. These lumbar nerve roots are the largest of all

the spinal nerves. As in the case of all the nerves these roots do not

become joined until they reach the intervertebral foramina. The
posterior are rather larger than the anterior. At their exit from the

foramina the lumbar nerves divide into an anterior and a posterior
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branch. The posterior branches supply the erector spinae, the inter-

spinales and some other muscles of the back, and also the skin of the

gluteal region. The anterior branches of these lumbar nerves, after

communicating with the ganglia of the sympathetic system, pass

outwards behind the psoas magnus muscle. The branches of the

four upper nerves are joined

I.I.

together by connecting

branches and form the lum-

bar plexus. The anterior

branch of the fifth lumbar

nerve, after uniting with a

branch from the fourth,

passes downwards across the

sacrum to unite with the an-

terior branch of the first sa-

cral nerve, and thus goes to

assist in the formation of the

sacral plexus. The lumbo-

sacral nerve is the cord that

results from the union of

these two nerves.

The lumbar plexus, form-

ed from the union of the

twelfth dorsal and the four

lumbar nerves, is more sim-

ple than the brachial plexus

and may be described as fol-

lows: The plexus is located

in front of the transverse pro-

cesses of the lumbar verte-

brae. These various nerves

are united by loops. Thus
the twelfth dorsal sends a

loop to the first lumbar and this in turn sends a loop or branch to

the second lumbar. The first lumbar nerve, after sending its branch

to the second lumbar nerve, divides into the iliohypogastric and the

ilioinguinal nerves. The second lumbar nerve, after receiving its

branch or looj:) from the first lumbar nerve, gives off the external and

internal inguinal nerves and then unites with the third lumbar

nerve. The third lumbar nerve, after sending a branch or root to the

fourth lumbar nerve, unites with the second and this trunk unites

with the fourth to form the crural nerve. The obturator nerve arises

from three roots springing respectively from the second, third, and

Fig. 34.—Diagram of the Lumbar Plexus.
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fourtli lumbar nerves. The fifth lumbar nerve has no connection

with the other lumbar nerves except by the loop which it receives

from the fourth. It goes to form the lumbosacral cord, already

referred to, and forms in fact a part of the sacral plexus. The
principal branches of the lumbar plexus are the iliohj-pogastric

and the ilioinguinal, the external and internal inguinal, the crural

and the obturator, and the lumbosacral nerves (Gray, Van Gehuch-
ten).

The iliohypogastric nerve arises from the first lumbar nerve. It

is a sensory nerve and is distributed to the skin of the gluteal and
hypogastric regions.

The ilioinguinal nerve arises from the first lumbar nerve in common
with the iliohypogastric. It supplies motor filaments to the internal

oblique muscle. It emerges at the external abdominal ring in com-

pany with the spermatic cord and is distributed to the skin of the

scrotum in the male or to the labium in the female and to the upper

and inner part of the thigh. The genitocrural nerve arises from the

second lumbar. Its genital branch supplies the cremaster muscle in

the male. In the female it is lost in the round ligament. Its crural

branch is distributed to the skin of the upper anterior aspect of the

thigh.

The external cutaneous nerve, called also the external inguinal,

arises from the second lumbar. It is a sensory nerve largely and is

distributed to the skin along the anterior and outer part of the thigh

as far down as the knee, while its posterior branch supplies the pos-

terior surface of the thigh as far as its middle third.

The obturator nerve arises by three branches (Van Gehuchten)—or

two branches, according to Gray^—from the second, third, and fourth

lumbar nerves. It supplies the obturator externus and the adductor

muscles of the thigh. It sends an articular branch also to the hip

joint. This nerve is largely motor and is concerned in adducting the

thigh.

The anterior crural nerve is the largest branch of the lumbar

plexus. It supplies all the muscles of the front of the thigh except

the tensor vaginae femoris, and supplies sensory filaments to the front

and inner side of the thigh and to the leg and foot and also articular

branches to the knee. It is formed by the junction of the second,

third, and fourth lumbar nerves, but chiefly from the latter two. It

passes into the thigh beneath Poupart's ligament, on the outer side

of the femoral artery. Its longest branch is the internal saphenous

nerve. This branch supplies sensory filaments to the front and inner

side of the leg. It is thus seen that the lumbar plexus supplies espe-

cially the adductor muscles and the extensor muscles of the thigh and
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leg, and gives sensory filaments to the anterior and interior surface of

the thigh and leg.

The lumbar plexus is much less frequently affected by disease and

injury than is the brachial plexus. Meningitis in the lumbar region

of the cord and of the cauda equina ixia.y affect the nerve roots. Such

meningitis may be caused by syphilis, although syphilitic disease is

rather less common in the lumbar than in the dorsal region. These

nerve roots are also involved in injuries to the cauda equina, which

will be described later. Such injuries are caused by falls, especially

when the patient lands upon the buttocks, the mechanism being some-

times by hemorrhage into the lower part of the spinal canal. Caries

of the bones of the lumbar vertebra may also cause irritation or pa-

ralysis of some of these roots. Abscesses within the sheath of the

psoas muscle may involve some of the branches of the lumbar plexus.

The plexus itself is not usually involved in parturition, but its two

main branches—the obturator and the anterior crural nerves—may be

injured in this process. Luxation of the hip-joint may injure the

anterior crural nerve. Tumors in the abdominal cavity may cause

pressure upon this plexus, the symptoms depending of course upon

the severity of the lesion and the exact nerve trunks involved. Most

of the symptoms arising from injury to the lumbar plexus, however,

will best be described with reference to the individual nerve ti'unks

implicated, and the appropriate treatment can then be indicated.

Before proceeding, however, to a consideration of the symptoms of

individual nerves it will be well to consider briefly the localization of

the centres for the various movements of the lower limb in the spinal

cord. These movements are represented in the five lumbar segments

and in the first and second sacral segments. According to Mills""

and Starr'" the various groups of muscles have their spinal centres as

rei)resented in the following table

:

First Lumbar Segment.—Iliopsoas; sartorius ; muscles of abdomen.

Second Lumbar Segment.—Iliopsoas; sartorius; flexors of knee ;
quadriceps

femoris.

Third Lumbar Segment. —Quadriceps femoris ; inner rotators of thigh ; ab-

ductors of thigh.

Fourth Lumbar Segment.—Abductors of thigh ; adductors of thigh ; flexors of

knee ; tibialis anticus
; peroneus longus.

Fifth Lumbar Segment.—Outward rotators; flexors of knee; flexors of

ankle ; peronei ; extensors of toes.

First and Second Sacral Segments.—Flexors of ankle; extensors of ankle;

intrinsic foot muscles.

These various segments contain tlie cell liodies of the peripheral

motor neurons (multii)olar cells of the anterior horns), the axis cylin-

ders of which go to form the anterior nerve roots issuing from these
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particular segments. The various nerves, however, it must be un-

derstood, do not proceed directly to their muscles but only after

having made various connections with the other nerves which go to

form the lumbar plexus. Consequently a particular nerve trunk may,

and not infrequently does, contain axis cylinders from more than one

segment of the spinal cord. It is essential, however, to know the

localization of the various motor neurons in the spinal cord on the one

hand and to know the motor function of the various nerve trunks on

the other. The symptoms of the lesions of these two portions of the

lumbar nerves will of course vary, and it is only by comparing these

symptoms accurately and minutely that it will be possible to distin-

guish a focal lesion, involving a few nerve roots, from such a lesion in-

volving a nerve trunk. For instance, a focal lesion involving only

the roots of the second and third lumbar nerves would give different,

symptoms from a lesion involving the trunk of the anterior crural

nerve, and this for the very evident reason that, while the anterior

crural nerve arises only in part from these segments, and hence might

only be partially involved, other nerves, as the external cutaneous,

genitocrural, obturator, and even the lumbosacral cord, also receive

fibres from these segments and would be partially involved by a lesion

of these roots.

The various reflexes have also been located with more or less

accuracy in the various segments of the cord. These may be repre-

sented in the following table

:

First Lumbar Segment.—Cremasteric reflex.

Second Lumbar Segment.—Cremasteric reflex; knee-jerk.

Third Lumbar Segment.—Cremasteric reflex.

Fourth Lumbar Segment.— Grluteal reflex.

Fifth Lumbar Segment. —Gluteal reflex.

First and Second Sacral Segments.—Plantar reflex.

Third to Fifth Sackal Segments.—Foot reflex ; ankle clonus ; bladder and

anal reflexes.

As in the case of the motor functions so in the case of the reflexes

:

they are not so strictly localized in individual nerve trunks as they

are in the cord segments. Still, by tracing the nerves as carefully

as possible through the lumbar plexus to the spinal roots we receive

some indication of the reflex function, as it were, of the nerve trunks.

Thus the anterior crural nerve is probably the path for the patellar

tendon reflex or knee jerk.

In like manner the sensory functions have been localized in the

cord. These, according to Starr's table, are as follows:

First Lumbar Segment.—Skin over the groin anc' front of scrotum (and

upper part of the gluteal region?).

Second Lumbar Segment.—Outer side of thigh.
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Third Lumbar Segment.—Front and inner side of thigh.

Fourth Lumbar Segment.—Inner side of thigh and leg to ankle ; inner side

of foot.

Fifth Lumbar Segment.—Back of thigh, back of leg, and outer part of foot.

First to Second Sacral Segments.—Back of thigh ; leg and foot outer side.

Third to Fifth Sacral Segments. —Skin over sacrum ; anus
;
peritoneum

and genitals (also over the inner area of the buttocks)

.

The results embodied in the above table are from observations

made especially by Gowers and Eoss in England and by Erb and

-Eemak in Germany. Starr, later, collected the numerous facts bear-

ing upon this localization. Ferrier and Yeo in 1881 published the re-

sults of their experiments, made by faradizing the several spinal roots

in the monkey. These very accurate observations are based upon the

best method of proving what movements are represented in the

several spinal segments. For sensory tests, however, the lower

animals are not well adapted. The pathological data have been

furnished by cases of anterior poliomyelitis, syringomyelia, and

transverse lesions of the cord, but these for obvious reasons are not

always so accurate as those obtained by direct stimulation of the

various nerve roots in the monkey. Ferrier' s original contribution

to this subject appeared in the proceedings of the Koyal Society in

1881 and 1883.

In very many lesions of the nerve roots and of the lumbar plexus

there are presented to us various forms of combined palsies of the

lower limb. This is the case especially in such lesions as traumata

of the Cauda equina and such as are produced by pressure or septic

neuritis following childbirth. In all such cases it will be necessary in

order to make an accurate diagnosis to begin, as it were, at the periph-

ery and study carefully the motor, sensory, and reflex phenomena,

and then, by grouping these, endeavor to trace them either to the va-

rious nerve trunks or to the various nerve roots. It will thus be found

not infrequently that the lesions are distributed in such a way as to

suggest quite accurately the nerve trunks or even the spinal segments

most involved. If the lesion is central, involving either the segments

of the lumbar and sacral cord or the nerves of the cauda equina, the

symptoms are usually bilateral and have, as it were, a segmental

significance. If, however, the lesions are in the nerve trunks, only

the muscles and sensory areas innervated by these nerves will be

involved. Hence it becomes necessary to take up a careful considera-

tion of the symptomatology of individual nerves.
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Diseases of the Iliohypogastric Nerve.

The iliohypogastric nerve is a sensory nerve, distributed by two

branches to the skin of the upper gluteal and hypogastric regions. It

arises from the first lumbar segment and probably receives fibres

from the first dorsal nerve. It could not well be paralyzed alone.

Any lesion involving it would probably involve other nerves of the

lumbar plexus, especially the ilioinguinal and the connecting loop

from the first to the second lumbar nerves. Its paralysis would cause

anaesthesia in the upper gluteal and the hypogastric region.

Diseases of the Ilioinguinal Nerve.

This nerve arises in common with the iliohj-^pogastric nerve. It

supplies filaments to the internal oblique muscle, and passes out

by the external abdominal ring to be distributed to the skin of the

scrotum in the male and of the labium in the female and to the upper

and inner part of the thigh. The same may be said of it, with reference

to disease or injury, as was said of its companion nerve, the iliohypo-

gastric; its paralysis would cause x>aralysis of the internal oblique

muscle and anaesthesia in the territory which it supplies.

Diseases of the External Cutaneous Nerve.

This nerve arises directly from the second lumbar segment and

possibly receives filaments from the first lumbar segment by way of

the connecting loop between the first and second lumber nerves. It

passes into the thigh beneath Poupart's ligament immediately under

the anterior superior spine of the ilium. It becomes quite superficial

in some places and is distributed to the anterior and outer part of

the thigh as far down as the knee, by one branch, and to the outer

and posterior surface of the thigh as far as the middle third by an-

other branch.

This nerve might possibly be injured by wounds of the thigh just

where it emerges from beneath Eoupart's ligament under the anterior

superior spine of the ilium. In such a case there would be anaes-

thesia in the anterior part of the thigh as far as the knee and over the

outer and posterior part of the thigh as far as the middle third.

Considering its somewhat exposed course it is rather remarkable that

more instances are not on record of injury to it. It may possibly be

that the result of such injury might be overlooked, as no motor fibres

are included in the nerve.
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Diseases of the Genitocrural Nerve.

This nerve arises in common with the external cutaneous nerve

just described. It passes directly through the substance of the psoas

muscle, descending on the surface of this muscle to near Poupart's

ligament, where it divides into a genital and a crural branch. The

genital branch passes through the internal abdominal ring and sup-

plies the cremaster muscle. In the female it is lost in the round

ligament. The crural branch passes along the margin of the psoas

muscle, enters the thigh beneath Poupart's ligament, and distributes

its sensory filaments to the skin of the upper and anterior aspects of

the thigh (Gray).

Because of its close relation with the psoas muscle, which at one

place it penetrates, this nerve is probably more frequently involved in

psoas abscess than is usually suspected. This is the only lesion in

which it would be likely to be injured alone. In such a case there

would be abolition of the cremaster reflex with anaesthesia of the upper

and anterior aspect of the thigh.

Diseases of the Obturator Nerve.

This important nerve arises by three roots, one respectively from

the second, third, and fourth lumbar nerves (Van Gehuchten), or by

two roots, from the third and fourth lumbar nerves (Gray). It also

penetrates the inner fibres of the psoas muscle ; it leaves this muscle

at the brim of the pelvis. It then runs along the internal lateral wall

of the pelvis to the obturator foramen, where it divides into two

branches. It supplies the obturator externus and the various adduc-

tor muscles of the thigh. It also gives off articular branches to the

hip and knee and sensory branches to the inner side of the thigh and

leg, especially by its communication with the long saphenous nerve.

The obturator nerve, as will be seen later, is claimed by some

writers (Winckel, Leyden) to be involved sometimes in pelvic exuda-

tions resulting from inflammation in puerperal cases. Some authors

even claim that it may be damaged by pressure of the child's head dur-

ing labor, but this is extremely doubtful. In hip-joint disease it is

possilale that the pain, not infrequently complained of by the patient

in the knee, may be due to irritation of the obturator nerve or some of

its branches to the hip-joint. The explanation for this pain, how-

ever, as given by some writers, as Bonat and Sayre, is that it is due

to spasm of some of tlie muscles of the thigh. It is possible that both

these elements, i.e., irritation of the nerve and spasm of the muscles,
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may account for this symptom. Injury to the obturator nerve might

possibly be caused by wounds of tlie inner aspect of the thigh, but

because of its i^rotected jjosition such injuries are improbable and

must be rare.

The symptoms of injury or disease of the obturator nerve are

paralysis of the adductors of the thigh and anaesthesia of the inner

aspect of the thigh and leg. This ansesthesia, however, is not con-

stant. Paralysis of the adductors interferes especially with the

ability of the patient to cross one leg over the other. Outward

rotation of the thigh is also impaired.

Diseases of the Anterior Crural Nerve.

This nerve is the largest nerve of the leg, next to the sciatic, and is

the largest branch of the lumbar plexus. It arises mainly from a

union of the third and fourth lumbar nerves, but possibly receives

fibres also from the second lumbar nerve by way of the connecting

loop between this and the third lumbar. It passes through the fibres

of the psoas muscle and emerges from this muscle at its lower outer

border. It passes into the thigh beneath Poupart's ligament to the

outer side of the femoral artery. At its point of emergence from the

pelvis beneath Poupart's ligament it is a broad, flattened nerve trunk.

As it passes into the thigh it divides into cutaneous and muscular

branches. The anterior crural nerve supplies within the pelvis the

iliacus muscle, and on the thigh the pectineus and all the muscles on

the front of the thigh except the tensor vaginae femoris, which is sup-

plied by the superior gluteal nerve (Gray) . It also supplies sensory

filaments to the front and inner side of the thigh and of the leg and

foot, as well as branches to the knee-joint. The largest of its sensory

branches is the long saphenous nerve which descends the leg on its

inner aspect. It supplies sensory filaments to the skin of the inner

side of the leg and inner side of the foot as far as the big toe. From

this distribution it is seen that the anterior crural nerve is largely the

nerve governing extension of the leg upon the thigh, and that it sup-

plies sensation to a comparatively large area of the skin of the upper

and lower limb.

The anterior crural nerve may be irritated or paralyzed by psoas

abscess. This, however, is not a very common symptom. At least

it is not often reported. When it is considered, however, that this

nerve passes through the substance of the psoas muscle, the suspicion

arises that it may be affected oftener than reports indicate. Other

abscesses deep within the abdomen may irritate this nerve trunk.

Lydston"' has reported a case of acute lumbar abscess which simu-
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lated nepliritic colic. In this case a number of cords or brandies of

the lumbar plexus were involved. The attack came on suddenly with

severe pain in the right iliolumbar region. Hence the nerves impli-

cated in this particular case were probably the upper nerves of the

lumbar plexus, i.e., the iliohypogastric and ilioinguinal nerves. The

case illustrates how readily any of these nerve trunks may be involved

by deep lumbar, iliac, or psoas abscesses. Mills''^ refers to a case

of jjsoas abscess in which a diagnosis of crural neuralgia was made
and an abscess was not suspected. Pain extended from Poupart's

ligament to the inner side of the knee, following the course of the

anterior crural nerve and its internal cutaneous branch. In this

case pain was relieved by sitting or lying or flexing the thigh on the

])elvis with the knee kept bent. There was also partial paralysis of

the iliopsoas muscles, causing loss of power to flex the thigh on the

abdomen, the patient being compelled to lift the leg with his hand,

especially when he attempted to cross one leg over the other. The
anterior crural nerve, from its exposed position at the point where it

emerges from beneath Poupart's ligament, might be the seat of injury.

Such cases, however, must be exceedingly rare, as but little mention

of them is made in medical literature. The index catalogue of the

Surgeon-General's office does not give a single reference to injury of

the anterior crural nerve. This exemption must be due to the fact

that the nerve, while really superficial at the point where it enters the

thigh, is nevertheless (because of its location in the groin) very well

defended from blows, stab wounds, etc. Gunshot wounds of the nerve

do not seem to have been observed. The anterior crural nerve, because

it passes above the brim of the true pelvis and not within the pelvis

proper, and is well protected by the psoas magnus muscle, is not, as a

rule, in a ijosition to receive damage during parturition. Some authors

state, however, that the nerve may be the seat of injury during labor.

Thus A. M. FuUerton, of the Women's Hospital, Philadelphia, relates

the case of a dwarf, aged twenty-five years, with contracted pelvis, in

whom the first stage of labor was very slow. The child was delivered

with instruments. The mother complained on the following night of

great pain in the right groin and entire right limb and was unable to

move the limb. Pressure on the anterior crural and obturator nerves

caused her to cry out with pain. The symptoms lasted ten days and
then yielded to treatment (cpioted by Mills""). In this case, how-

ever, the fact that the patient was a dwarf with a contracted pelvis

probably accounts for the pressure and injury to the anterior crural

and obturator nerves, which would not probably have hai)pened in

case of a normal pelvis. The nervous symptoms in Fullerton's case

are not given in detail, but as the patient recovered in ten days the
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injury to the nerve was evidently not severe. The anterior crural

nerve, it is said, may also be injured in dislocation of the hi}:). I

find no reference, however, to any such injury in the elaborate study

of dislocations of this joint by Allis.'"'^ It is not very probable,

therefore, that injury from this cause is common.
The symptoms of injury of the anterior crural nerve are highly

characteristic. The disability of the leg is very great. If the nerve

is involved within the abdomen the iliacus muscle, but not the psoas,

is paralyzed. This leads to some inability to flex the thigh upon the

abdomen. In attempting this movement or in crossing the affected

leg upon its fellow the patient lifts the thigh with his hands. Loss
of power of the extensors of the leg is complete. These extensors

waste and present the reaction of degeneration. The knee-jerk is

lost. Anaesthesia is extensive, involving the anterior and internal

aspects of the thigh and the inner side of the leg and foot, the latter

because of involvement of the internal saphenous nerve. In irritative

lesions pain of a neuralgic character may be very intense and may
even be referred to the distal or terminal portions of the nerve. This

is so especially in some cases of psoas abscess, as in Mills' case

already referred to. In such a case the pain may be relieved by relax-

ing the psoas muscle, by flexing the thigh on the pelvis, as in the

position of sitting or lying. Neuralgic pain in the distribution of

the anterior crural nerve has also been observed as an early symptom
of a growth near the spine (Gowers).

Diseases of the Sacral Plexus.

The sacral plexus is composed of the lumbosacral cord and the

anterior branches of the three upper sacral nerves and of part of the

anterior branch of the fourth sacral nerve. It is much more simple

in its construction than either the brachial or the lumbar plexus. It

is triangular in shape, its base being situated against the sacrum,

while its apex points towards the sacrosciatic foramen. It rests

upon the anterior surface of the pyriform muscle and is protected

in front by the pelvic fascia, which separates it from the viscera of the

pelvis. For the clinician it is important to recall that the sacral

plexus can be reached by digital exploration through the rectum, and
that the chief landmarks are the pyriform muscle, the greater and
lesser sacrosciatic ligaments, and the tuberosity of the ischium.

With reference to the muscle the plexus lies entirely upon it, and
with reference to the sacrosciatic ligaments it is important to recall

that they convert the two sacrosciatic notches into foramina, the

superior or greater of which is partially filled by the pyriform muscle.
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and that tlirougli this greater foramen the chief branches of the sacral

plexus leave the pelvis.

The sacral plexus has four main branches or nerves—superior

gluteal, pudic, small sciatic, and great sciatic. In addition to these

it sends off small muscular branches which supply the pj^riform,

obturator internus, and several other muscles about the true pelvis.

The superior gluteal nerve, the first main branch of the sacral

plexus, arises from the lumbosacral cord and is the only nerve of

importance that arises from this important connecting link between

the lumbar and sacral plexuses. It emerges from the j^elvis just

above the pj^riform muscle by way of the great sciatic foramen,

and has a superior and inferior branch. The superior branch sup-

plies the gluteus minimus and gluteus medius muscles. The inferior

branch also distributes filaments to these two muscles and then sup-

plies the tensor vaginae femoris.

The pudic nerve arises from a lower part of the sacral plexus and

passes from the pelvis also through the great sacrosciatic foramen,

but below the pyriform muscle. Having crossed the spine of the

ischium, it reenters the pelvis and is distributed by several branches

to the dorsum of the penis, the perineum, and the external sphincter

of the anus. It will be described more fully later.

The small sciatic nerve arises b}" two roots from the lower part of

the sacral plexus. It supplies but one muscle—the gluteus maxi-

mus—and gives sensory filaments to the skin of the perineum and

the back j)art of the thigh and leg.

The great sciatic nerve supplies the skin of the leg, the muscles of

the back part of the thigh, and those of the leg and foot. It is the direct

continuation of the lower part or apex of the sacral plexus. Like the

pudic and the small sciatic nerve it also passes out of the pelvis

through the great sacrosciatic foramen below the edge of the pyri-

form muscle. These three nerves, as they emerge from the pelvis

below the pyriform muscle, occupy the following relative positions

:

The great sciatic lies farthest exteriorly, then comes the small

sciatic, and then the pudic. The superior gluteal, on the other hand,

as already said, emerges from the pelvis just above the pyriform

muscle. Consequently the pyriform muscle constitutes not only a

basis of support to the whole sacral plexus, but also, as it were,

a guard or defence for these nerve trunks as they issue from the

Ijelvis at either tlie upper or lower margin of this muscle.

From this anatomical description it is seen that only one nerve

—

the superior gluteal—arises from the upper jjart of the plexus, i.e.,

from the lumbosacral cord. The other nerves spring from the lower

Ijart of the i)lexus and all emerge below the lower edge of the
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pyriform muscle in close proximity to each other. The nerve

roots, which go to form the sacral plexus, are with those of the

lumbar nerves the largest of all the spinal nerves, and the nerve

trunks themselves that form the plexus are also of large size. These

nerves can be palpated through the rectum but not through the

vagina. The landmarks by which they are to be sought are espe-

cially the pyriform muscle and the greater and lesser sacrosciatic

ligaments. Because of its deep seat within the true pelvis the sacral

plexus is often not so thoroughly explored as it should be in cases

presenting symptoms of nerve irritation in the pelvis and about the

buttocks and posterior part of the thigh. Its accessibilitj^ however,

through the rectum renders direct exploration of its nerve trunks

much more possible and convenient than in the case of some other

deep-seated nerves of the body. These facts should be borne firmly

in mind by the practitioner who has cases that suggest an intra-

pelvic lesion. It cannot be too strongly impressed uj)on the minds of

all practitioners that thorough jjelvic exploration is always urgently

demanded in every case simulating sciatica and other neuralgic affec-

tions invohdng any of the branches of the sacral plexus.

The causes of lesions of the sacral plexus are much more nu-

merous than is generally supposed, and as the subject is one of

great practical clinical importance it will be discussed here in de-

tail.

The sacral plexus, or the anterior branches of the lumbar and

sacral nerves which go to form it, may be injured by tumors or other

diseases of the womb, ovaries, and rectum ; by inflammatory processes

and inflammatory exudates, as in cases of pelvic cellulitis, in abscesses

of the pelvis or even of the abdominal cavity finding their way into

the pelvis ; by neuromata, osteomata, and osteosarcomata ; by wounds

and pressure during labor, by gunshot wounds, and probably, as in

the case of some other nerves, by neuritis of indeterminate cause.

New growths of the womb and ovaries, but esi^ecially of the

ovaries, may cause pressure upon and irritation of the sacral plexus.

The symptoms in such cases vary considerably, and I am convinced

that their significance is often for a long time overlooked. These

symi)toms are too often ascribed vaguely to sciatica or neuralgia or

rheumatism about the hip. Thus in one case there was apparently

some irritation of the superior gluteal nerve causing a sense of dis-

comfort about the buttock which was probably due to a slight spasm

of the gluteus maximus and minimus muscles supplied by this nerve.

The tumors that especially cause such symptoms are small ovarian

cysts, especially in their early stages, when they may be pressed

down firmly upon some of these nerve trunks. I once saw a case in.

Vol. XI.—20
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a lady that illustrated these facts. Slie was a middle-aged unmarried

woman who had been treated for some months for sciatica. It was

ver}^ evident on close inspection of the hip and thigh that the symp-

toms did not correspond to those of sciatica. The pain radiated from

the buttock around towards the hip, evidently following some of the

cutaneous branches of the small sciatic nerve. There was possibly

also a slight cramp or spasm in the glutei muscles, as the pain was

increased on movement. A pelvic lesion being suspected her consent

was finally obtained for a vaginal examination, when a small o'S'arian

cyst not much larger than a large orange was discovered making

pressure ujDon the sacral plexus. This explained all her symptoms
satisfactorily and an operation was subsequently performed for her

relief. Mitchell refers to a case in a woman in which the patient

had numbness in the left foot and leg with loss of power to flex

the foot. The peroneal muscles were paralyzed and had loss of

electrical response. On vaginal examination a large growth was

discovered behind and to the left of the womb. It is probable

that symptoms of nerve irritation, especially of the sacral j)lexus, in

cases of tumors of the womb and ovaries, would be recorded more fre-

cjuently by gynecologists if their attention was more directed to this

subject. In such cases careful inspection will usually reveal that the

symptoms do not correspond with those of sciatica, which is the dis-

ease most frequently diagnosed. Other nerve trunks than the sciatic

will be found to be implicated, and in some cases in fact (as in the one

just related) the sciatic nerve may even not be involved. In some

instances, however, when this nerve trunk is the chief or only one

involved, the resemblance to an ordinary case of sciatica may be very

striking. In cases in which the superior gluteal and smaller sciatic

nerves are involved, the pain on pressure and especially on motion is

confined more to the buttock, radiating towards the hip.

Tumors and often affections of the rectum may cause symptoms
referal)le to the sacral plexus. Cancer of the rectum has not infre-

quently caused such symptoms. Skjeldrup, quoted by Mills,'" re-

cords a case in a man aged fifty, in which rectal examination revealed

a tumor. A few years ago a woman was admitted to m^- wards in

the Methodist Hospital, suffering with neuralgic pain about the but-

tock and thigh. A surgeon, after rectal examination, had decided that

there was no organic disease, but that the case was simjily one of

neuralgia. The woman, however, presented decided appearances of

the cancerous cachexia and several enlarged glands were discovered

by abdominal palpation in the i)elvis. A second rectal examination,

more carefully made, revealed the presence of a cancer in tlie neigh-

bprhood of the sigmoid flexure. Immense faecal accumulations in the
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rectum have also caused nerve symptoms referable to the sacral

plexus.

Abscesses within the pelvis may cause symptoms of irritation of

the sacral plexus or of some of its main trunks. Mills"" has called

attention to the fact that psoas abscess may follow such a course as

to involve the sacral plexus. This abscess may follow an irregular or

multiple course ; thus the pus may escape from the sheath of the psoas

muscle, and passing down along the sacrum may leave the pelvis by the

sacrosciatic notch. Thompson'" reported a case of psoas abscess

which had been mistaken for a long time for one of sciatica. Severe

and intermittent pain followed the course of the sciatic nerve of the

right leg. It extended as far as the dorsum of the foot and great

toe. Anaesthesia in some territories was also observed. Such pelvic

abscesses are not always necessarily connected with diseases of the

bone. A man was recently referred to me suffering with so-called

rheumatism about the hip and thigh. The nerves, especially about
the external aspect of the thigh, were involved. Careful inspection

revealed some swelling of the thigh and pain with retardation of move-
ment. Eventually the cause was discovered to be a deep-seated ab-

scess in the pelvis which was evacuated above Poupart's ligament.

Some of these pelvic abscesses, however, as already said, may evacu-

ate through the great sacrosciatic foramen. In such a case an early

exi)loration by the rectum would probably reveal the cause of the

trouble.

Among the most important causes of injuries and diseases of the

sacral plexus and of its main branches is childbirth. The significauce

of this cause has not always been recognized at its true value and the

mode of its action is still a subject of some debate. The subject is

not altogether new, although it has been too much ignored by recent

writers. Charpentier,'" in an elaborate monograph, has carefully

reviewed this subject from the historic standpoint and given the

various facts recorded and the theories by which authors have at-

tempted to explain them. This author, however, ascribes too much
importance to the theory of reflex paralysis, as advanced by Brown-
Sequard, Bernard, and Jaccoud. Churchill '" many years ago com-
posed a lengthy article on the paralyses that occur during gestation

and childbirth. He collected thirty-four cases from various sources.

These cases, however, were a heterogeneous collection, many of them
being mere coincidences of gestation and labor, the whole number
showing a variety of pathological states. Of these four were cases

of paraplegia. These cases of paraplegia appear to have been
due to pressure or to septic neuritis or meningitis—one woman, for

instance, stood in water up to her knees while at work on the eighth
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clay after labor (Lloj^d'"). Romberg'" observed that paralysis

could accompany certain diseases of the generative organs, and that

it could depend upon direct pressure of the womb or of the ovary upon

the sacral plexus ; but he attached too much imj)ortance to the reflex

origin of this paralysis, as advocated by Jaccoud.

Veterinarians have not infrequently observed paraplegia as a

complication of metritis in the lower animals (Charpentier). Gelle

reported cases of acute metritis in cows after calving, and said that in

all his cases there existed a paralysis of the posterior limbs. Swell

published an account of an autopsy in the case of a cow afflicted with

paraplegia after calving. There were found evidences of inflamma-

tion of the uterus and the vagina. Ithen, quoted by Charpentier,

has made known many cases of metritis in the mare with loss of

power in the hind legs. Imbert-Gourbeyre'" writes that trauma

during labor is a rare cause of paralysis. He gives three cases,

however, which seem to have been due to pressure by the head on the

sacral plexus or sciatic nerve. Kamsbotham also refers to such

cases. Imbert-Gourbeyre admits apparently only two varieties of

paraplegia following labor, i. e. , the traumatic cases and those caused

bj^ myelitis. He ignores very i:)roperly the so-called reflex i)ara-

plegia. Esnault, as early as 1857, Avrote of the paralyses sympto-

matic of metritis and periuterine inflammation. Leroy D'Etiolles

recognizes as a cause of paralysis of the lower limbs not only child-

birth but also suppression of the menses, claiming even that pressure

upon the sacral plexus could be caused by the latter.

Even in recent years the text-books on obstetrics have little to sa}^

on the subject of diseases or injuries of the sacral plexus during

childbirth. Cazeaux has a brief allusion to such cases, which he attrib-

utes to reflex causes. Winckel '" recognizes more fully the neural-

gias and paralj'ses of the lower limbs. He says that the puerperal

neuroses of the lower limbs are located chiefly in the nerve trunks

rather than in the nerve centres and owe their development to parturi-

tion. Injurious pressure, he says, is caused by a large head in an

unfavorable presentation in a small pelvis. He teaches that pressure

may be made by the blades of tlie forceps and that these may produce

severe contusion of the sacral plexus on forced closure as well as dur-

ing extraction. He recognizes fully a still more important cause

for these nervous symptoms, i.e., pelvic exudations or small extrava-

sations which may extend to the sheaths of the nerves. He mentions

that parametritis may give rise to such neuralgias and that the loca-

tion of the affection is usually in the external and middle cutaneous,

obturator, and sciatic nerves. Winckel says that even such slight

pelvic exudations as accompany plilebitis may compress the nerves,
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and, finally, that injuries of the vagina with subsequent cicatricial con-

traction may cause traction and pressure on individual nerve trunks

of the true pelvis and that hypersestliesia and motor disturbances

may thus be produced. This statement by Winckel is one of the

most comprehensive in any text-book on obstetrics.

Hervieux, however, before Winckel, recognized fully that para-

plegia could happen secondarily to an inflammatory lesion of the

womb. He cites two instances, of one of which the following is a

brief abstract

:

A woman 19 years old, in good health, was delivered naturally

at the Maternity Hospital. On the sixth day abdominal pains, fetid

lochia, and fever announced the presence evidently of some puerperal

infection. Two days later a dry tongue, rapid pulse, continued

pain in the abdomen with meteorism, insomnia, restlessness, and
a general typhoid aspect of the face were present. On the thirteenth

day some loss of power was observed. At this time there were
intense heat of the skin, pulse 128, meteorism, rapid resj)iration,

abundant lochia, and some erythematous eruption. Later, the

rapid i3ulse and high temperature continued with dry tongue, loss

of appetite, sweating, and meteorism and pain in the left iliac

fossa. On the sixteenth day absolute inability to lift the lower limbs
was noted. When the patient was asked to bend the leg upon the

thigh she executed the movement by a zigzag motion of the heel

with the object of approaching this part to the posterior aspect of the

thigh, but she was not able fully to execute the moveinent. There
was no anaesthesia nor any involvement of the upper limb. The sen-

sibility in the left iliac fossa continued. On deep palpation a phleg-

monous induration could be felt and this appeared to be in relation

with the adnexge of the uterus on that side. This patient improved
slowly under treatment with blisters and frictions with Neapolitan
ointment. As the general state improved the patient began to make
some motions with her legs. When she first began to get up she

required two assistants to enable her to stand. The phlegmonous
induration was gradually absorbed, but the patient continued to

complain of vague pains in her thighs. Later there was slight

relapse and the aj^pearance of inflammatory hardening in the right

iliac fossa. This patient slowly recovered. All sensibility in the

hypogastric region disappeared and the woman regained the use of

her limbs. When she was discharged from the hospital at the end of

two mouths she was in a good way to recover.

This case of Hervieux,"" put on record more than a quarter of a

century ago, is an important contribution to the subject. Both the re-

port and theory of the author are thoroughly scientific. The patient

evidently had septic infection with metritis and pelvic cellulitis, and

this phlegmonous inflammation pressed upon and possibly even in-

volved the nerve trunks. As, however, the chief symptom was loss

of motor power, the only sensory symptoms being neuralgic pains, it
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is evident tliat these nerve trunks were not gravely involved in a

destructive inflammatory process. Pressure was probably the most

imi:>ortant factor in causing the symptoms.

Kecently Mills'" has written a useful paper on the subject of

puerperal paral^^ses. Hiinermann'" has also written a paper in

which he reviews the literature of the subject. These authors give

valuable indications for the systematic clinical studj^ of these impor-

tant cases. In the discussion of Mills' j)aper at the College of

Physicians of Philadelphia, Hirst said that these paralyses are very

rare and that this is the reason why the subject is not treated more
fully in the text-books. In a large experience in contracted pelves,

difficult labors, forceps deliveries, and head impaction, he had seen

but one instance of paralysis of the limbs as a result. He does not

subscribe to the view that the paralysis is caused by direct pressure.

In a special dissection of the pelvis made to ascertain the reason why
nerve injuries are not more common in difficult labor he was impressed

with the fact that the nerves are protected by their situation from

such injury. The i)elvis has a cordiform entrance, according to Hirst,

and the nerves are hidden within the bay so that no mechanical

pressure is possible. He believes, however, that such an accident

might happen in rare cases in which the pelvis has an elliptical

shape, but he thinks that nerve irritation and inflammation can

occur from a jjhlegmasia. He has had seven such cases. In such

instances the plastic exudate presses upon the nerve and the inflamma-

tion extends directly to the neurilemma. Sinkler in the same dis-

cussion said that he had come to the conclusion that the majority of

cases of neuritis following labor were the result of septic poisoning.

It is possible, however, that pressure may occur upon the sacral

plexus in instrumental delivery. Dercum, for instance, has given

details of a case of trophic paralysis in a woman after instrumental

delivery. There were pain and weakness in the right leg. A second

labor, also instrumental and very difficult, caused complete palsy of

the right leg, except in the anterior thigh muscles. Two years later

wasting with contracture of the affected muscles was present. Her-

vieux in his work on i^uerperal diseases refers to paraplegia caused

by puerperal poisoning. He thinks that the morbid process may
concentrate itself about the sacral region where it is easy to conceive

tliat it might involve the nerve trunks and their envelopes. Campbell
in his work on midwifery declares that he never observed a puerperal

paralysis except only in one limb, and that this accident always has

for its cause the prolonged sojourn of the head in the pelvis, due to

disproportion between the capacity of the pelvis and the volume of

the foetal head, and that the lesions are in the pyriformis muscle and
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the sacral plexus. Scanzoni believed that in such cases the lesion is

the result of pressure, but that the pressure must not be regarded as

the only cause, but that there is a more profound derangement. By
this he probably means septic inflammation.

Under the head of partial paralyses Charpentier discusses the

traumatic origin of some of these puerperal palsies. From a con-

sideration of the facts and authorities which he cites it is difficult

not to conclude that trauma, as, for instance, by pressure by the

child's head and more especially by the obstetric forceps, does some-

times occur in these cases. Hence a too dogmatic assertion that all

these cases of puerperal paraplegia and pelvic neuritis are the results

of sei)tic infection should be avoided. It is true that many of the

cases reported were studied a long while since, without sufficient

critical examination either of their cause or their pathology. But

even the older observers were somewhat sceptical of pressure being

an active factor in these cases. Accoucheurs, Charpentier says, at-

tribute this accident to a compression of the sciatic (sacral?) plexus

and of the obturator nerve, but this action, he says, has not been de-

monstrated. He thinks it more reasonable to suppose that the acci-

dent occurs within the spinal canal, following obstruction to the

circulation, etc. But, unable to harmonize this theory with the ana-

tomical facts, he falls back upon the theory of either albuminuria or

reflex action.

The following case from Romberg shows clearly the action of

trauma.

A woman 33 years old was delivered with the forceps after a difficult

labor, which lasted twelve hours. During labor she suffered painful

spasms in the left leg, and the following day upon being lifted up
she complained of weakness, of difficulty in her gait, and of a loss

of sensibility in the left foot. She could not feel the hand when it

was passed over the dorsum of the foot nor distinguish the sole upon
which it was placed. Motor power was diminished in the foot and
limb, which the patient dragged in walking. Cure was obtained in

two months.

In this case, which unfortunately is not reported with the accuracy

of our more modern clinics, there seems to be a direct connection be-

tween a prolonged, painful, and instrumental delivery and the loss of

power and sensation in certain nerve trunks. It is noteworthy that

these symptoms began even during labor, before the application of

the forceps. Thus the woman suffered painful cramps in the left leg,

which was the leg eventually paralyzed.

Eedemaicher, quoted by Imbert-Gourbeyre, reported in 1852 the

case of a woman who was seized with painful but incomplete para-
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plegia following a difficult labor, which had to be artificially induced.

Cure in this case resulted in eight days, so the inference is that the

lesion was slight.

Jaccoud insists that paraplegia may result from compression of

the nerve trunks and that this occurs not only in complicated labor,

as Hoffmann claimed, but also after regular and natural labor, as

Bruns has indicated. Axenfeld said that during labor the head of

the child may cause pains in the loins, the thighs, etc., by com-

pressing the nerves distributed to these parts, and that an irritation

of the motor nerves, causing painful cramps, sometimes paraplegias,

either temporary or persistent, may result (Charpentier).

Bianchi '" wrote a special treatise, the object of which was to

establish the thesis that trauma acts as a cause of paralysis of the

lower limbs in women during childbirth. Bianchi regards these

traumatic paraplegias as incontestable. He called attention to the

fact that similar symptoms can be excited by the pressure of tumors

upon nerves, and noted also the analogy of these paralyses with those

which Esnault, already referred to, had observed in a case of metritis

and pelvic cellulitis. He likened the child's head to a hard volumi-

nous tumor the action of which, although limited in duration, could

nevertheless cause decided effects which might persist after labor.

Bianchi based his theory upon a consideration of the anatomy of the

pelvis, and concluded that it was possible for the head to make
pressure upon the nerve trunks. The parts especially ex])osed to

pressure are the muscles of the perineum, the hypogastric vessels, the

bladder, the rectum, the nerves, and in particular the lumbosacral

cord, the crural, the obturator, and the sacral plexus, especially its

great terminal branch, the sciatic nerve. Bianchi contends that the

grand sciatic nerve is incompletely protected from injury during labor;

that it is forcibly compressed in all labors, but to a variable extent.

In ordinary cases this pressure is exerted only towards the termination

of the labor, and is shown by crami)S in the calves of the legs, but

that in some cases long-continued i^ressure or contusion by the for-

ceps may cause grave and enduring symptoms, and that even true

})aralyses can supervene in the parts supplied by the sciatic nerve.

Bianchi properly calls attention here to the fact that the sciatic nerve

is especially liable to be implicated in these cases of prolonged and
instrumental delivery. His explanation of the mechanism of labor,

by which in the vast majority of cases injury to the sacral nerve

trunks is avoided, is clear and convincing. He says that the sacro-

vertebral angle contributes to lessen the ]n'essure which would be

exercised in the sacral excavation, and especially the inclination of the

planes and axes of the pelvis directs the priucii)al effort and the great-
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est pressure of tlie head agaiust the anterior walL Bianchi believes

that the special couditious causing traumatic paralysis in labor are

the use of the forceps, a posterior position of the vertex, prolonged
labor, and finally a contracted pelvis. He cites the following case

:

A vi^oman, aged 34 years, had a persistent paralysis of the left

leg and foot, following a prolonged and difficult labor. When the
head engaged in the jDelvis rotation was delayed. The physician
made several unsuccessful efforts to deliver with instruments. At
every attempt at traction the patient felt a severe pain, fulgurant in
character, along the whole extent of the left leg from the hip to the foot.

Delivery was eventually effected by perforating the skull. This pa-
tient during her lying-in had a double phlegmasia alba dolens. This
evidence of septic infection must of course be considered, but Bianchi
does not attach sufficient importance to it. The right leg in this case
was not affected. In the left leg, the movements of extension and flexion
of the thigh upon the pelvis were executed easily. The foot was in a
position of extreme extension, its direction being almost in line with
that of the leg. The electrocontractility of the muscles, the peroneal
and sural group, was abolished, and the sensibility was diminished in
the same region. The diagnosis was paralysis of the left leg and
foot, caused by a trauma of the sciatic nerve during labor. (Cited by
Cha.rpentier.

)

From the facts and authorities already cited it is evident that

there is some latitude for differences of opinion as to the exact causa-

tion of lesions of the sacral plexus and its chief trunks during labor.

The older writers were evidently disposed to regard pressure by the

head and injuries by the forceps in prolonged and difficult labor as

important factors in causing these paralyses. The tendency of more
modern writers is to dissent from this view, and to ascribe lesions of

the sacral plexus and its branches to a septic inflammation, propa-

gated directly to the nerve trunks from a metritis or a periuterine

cellulitis. I do not see that it is necessary to ignore either one or

other of these important factors, although I believe that the theory

of septic infection is the one that more satisfactorily explains the

majority of these cases. There can be little doubt, however, that

in case of a large head or a contracted pelvis, the instruments, espe-

cially if applied in a faultj^ manner, might make pressure upon the

sacral plexus where it lies upon the body of the pyriform muscle,

or especially upon the trunk of the sciatic nerve where it emerges

below the lower margin of that muscle and where by reason of its

great size and its exposed position it is liable to injury.

Among other causes of injury to the sacral plexus may be men-
tioned neuromata and sarcomata, and possibly osteosarcomata.

Neuromata of the sacral plexus, while theoretically possible, are

practically little if at all heard of. I do not know and have not read
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of an instance. Such tumors are not unliearcl of, altliougli they are

rare, in the case of the brachial plexus. An instance of the kind is

cited from Duhring in the description of the diseases of the brachial

plexus.

Sarcomata and osteosarcomata may occur in the pelvis and may
cause symptoms of pressure upon or irritation of the nerve trunks.

In such cases, as in all cases of tumors involving nerves, the initial

symptoms are likely to be fugacious and deceptive. Thus pain of an

intermittent or paroxysmal character may be observed in one nerve

trunk. As the case advances this pain becomes more established and

may extend to wider areas. It may be associated with other dis-

orders of sensation, such as anaesthesia and paraesthesia. Putnam"''

has put on record a case of sarcoma within the pelvis which involved

a number of the nerve trunks. A somewhat rare form of tumor of the

sacrococcygeal region comprises the cystic tumors of embryonal or

developmental origin which are allied to spina bifida. These congeni-

tal cysts may or may not involve nerve trunks. In very many in-

stances these trunks escape. Patients in fact may live to adult life

sometimes in ignorance that they are malformed. Emmet and Thomas
have both described cases in women in which these tumors gave no

trouble before parturition. The nature of these tumors is sometimes

quite obscure (Lloyd"). They have given rise to much confusion,

and a voluminous literature (especially in France and Germany) has

sj)rung up about them. In the article on "Tumors of the Sacro-

coccygeal Region" in the index catalogue of the Surgeon-General's

office, several columns of references are given to papers and mono-

graphs on this interesting subject. There are several varieties

of these congenital sacral and coccj^geal tumors. The coccyx maj'

even be wanting. In some of these cases the morphology is similar

to that of spina bifida, the lesion depending uj)on defective develop-

ment of the lamina of one or more bones of the sacrum. The sac in

these cases, unlike ordinary spina bifida, protrudes anteriorly, hence

is located within the pelvis. This may be due to the fact that for

some reason this is the direction of least resistance. In some cases,

as pointed out by Giraldes, the tumor is located in the perineal region.

An important point for diagnosis is the fact that the tumor pushes

the rectum before it. In one case reported by Giraldes such a

tumor in a woman was punctured by a surgeon and the patient died

in consequence with tetanoid symptoms of meningitis. An autopsy

showed that the cyst was attached to the sacrum and communicated
with the vertebral canal. Emmet and Thomas have each punctured

such a pelvic cyst by mistake and both lost their patients in conse-

quence. In such cases the nerves likely to be involved are those
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forming the sacral plexus or tlie branches from it. It is remarkable,

however, that in many of these cases the nerve trunks are not in-

volved, and this is due no doubt to the fact that the congenital defect

is located at a point below where the main trunks forming the sacral

plexus emerges from the spinal canal. Moreover, the tumor being

located in the median line does not make pressure upon the plexus

itself.

Gunshot wounds of the sacral plexus are rare. According to

Mills one hundred and three cases of gunshot wounds of the pelvis

occurred in the American war.^"' In one of these the sacral plexus

was wounded. This patient, aged twenty-three, was wounded at the

battle of Gettysburg. The ball entered the left side of the sacrum

and injured the sacral plexus. The leg of that side was paralyzed,

but recovery ensued. Details of the case are not given.

Ordinary neuritis of the sacral plexus, due to rheumatism, cold,

etc., is probably unknown. Infectious neuritis, such as that occur-

ring after childbirth, undoubtedly exists and has already been de-

scribed. Mills inclines to the belief that simple non-infectious neu-

ritis of the sacral plexus might occur, but he gives no instance of it

in his paper. Considering the protected position of the sacral plexus

within the pelvis, it seems to me very improbable that simple non-

infectious neuritis of this plexus or its branches should occur. This,

of course, does not apply to the main branch of the sacral plexus, i.e.,

the great sciatic nerve. This nerve, as is well known, is frequently

the seat of an acute inflammation, causing the symptoms of the

well-known disease, sciatica, which will be described later in detail.

Gray"* has described two cases of apparent neuralgia of the

sacral plexus. The symptoms were pain about the buttock, peri-

neum, scrotum (in a man) and labia (in a woman) and down the back

of the thighs, without motor impairment. There was also some anaes-

thesia. The cause for this condition was not satisfactorily deter-

mined, and as no rectal examination was made it cannot be stated

positively that there was no organic lesion in either case. As im-

provement occurred, however, it is not likely that the lesion was

grave, and it may simply have been a neuritis due to some obscure

causes.

The symptoms of disease or injury of the sacral plexus or of its

main branches are usually easily determined, although not a few

cases occur in which these symptoms are obscure, esijecially in the

early stages of the disease. The obscurity, however, which involves

these cases is often more apparent than real, and arises from the fact

that the practitioner fails to make a thorough exploration of the

pelvis and of the nerves issuing from the great sciatic foramen.
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Cases wliicli I Lave seen and in wliicli the diagnosis had not been satis-

factoril}^ made have impressed me with this fact. It cannot be

too strongly impressed upon the practitioner that in all cases of ob-

scure pain about the buttock, thigh, and hij:), especially in women,

an examination of the pelvis is of the first importance. Cases with

slighl- pains about the buttock are too often hastily diagnosticated as

sciatica or a sim.ple rheumatism or neuralgia. The patient is not

stripped and thoroughly examined. Instances from my own experi-

ence have been previously related. Thus, in these cases, in one in-

stance an ovarian tumor, in another cancer of the rectum, and in

still another abscess of the pelvis, had all been erroneously diag-

nosticated as sciatica or rheumatic neuralgia of the thigh. In this

connection too much importance cannot be attached to an examina-

tion by the rectum. A vaginal examination is often not sufficient to

determine the condition of all the pelvic contents. Examination bj'

the rectum allows the observer to make direct palpation of the sacral

plexus and also to investigate regions of the posterior and lower

regions of the i:)elvis which cannot be satisfactorily reached through

the vagina.

Another important point in the diagnosis of lesions of the sacral

plexus is the fact that in most instances they are unilateral, and that

even in cases in which they are bilateral they have usualh' begun on

one side and very frequentlj^ persist in a worse degree on one side

than on the other. This is true even with some of the puerperal

cases. Thus in one case, cited above, in which there was a large

phlegmonous induration in the pelvis, the symptoms began on one

side although eventually the other side became involved.

Affections of the sacral xjlexus usually present certain types.

These have been arranged systematically by Mills'" and are given

here with some slight modification in accord with my own clinical

experience: 1. Peroneal type; 2. The sacrodistal and sacrogluteal

type; 8. Neuritis, local or multiple, due to septic or other infection;

4. Neuritis with paralysis and pseudo-paralysis due to phlebitis

(phlegmasia alba dolens), often septic but having special features.

The first, or peroneal t3q)e, of paralysis due to injury or disease of

the sacral plexus is one of special interest and importance. Its sig-

nificance was first pointed out by Hunermann,"" whose paper is

largely devoted to establishing this as a distinct type of puerperal

paralysis. The sym])toms are about as follows: Usually after i)ro-

tracted and instrumental labor the ])atieut suffers severe i)ain in the

course of the sciatic nerve, with a feeling of numbness and of tingling

and creeping on the outer side of the calf, extending to the dorsum
of the foot, even so far as the toes. With this is associated a more or
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less complete ijaralysis of the peroneal nerve. The foot cannot be

extended (dorsiflexed). Extension of the toes also is imi^aired and

the inner border of the foot is immobile. Flexion of the toes is

usually not involved and the movements of the knee and hip joint are

not impaired. In some of these cases there is no tactile anaesthesia.

This was so in all four of Hiinermann's cases, although pain was a

well-marked S3'mj)tom. This pain is described as cramp-like, and

in some cases, in fact, cramps are experienced in the affected muscle.

In long-standing cases the peroneal muscles waste and the reactions of

degeneration occur. The following case from Hiinermann is an

example of this peroneal type of puerperal paralysis.

A primipara, aged 36 years, was delivered with great difficulty

after being in labor three and a half daj^s. Perforation of the

head had been required. On the day after her confinement complete
paralysis of the right peroneal nerve was observed. The patient had
severe pain along the sciatic nerve with numbness on the outer side

of the left calf and tingling and creeping sensations in the toes. The
paralj'^sis of the peroneal nerve abolished the power of dorsiflexion of

the foot and extension of the toes. The movements of the hip and
knee joint were not impaired. There was no abolition of sensa-

tion. During the first three or four days and nights pain was the

most urgent symptom, completely banishing sleep. On the six-

teenth day electroexcitability of the paralyzed muscles was clearly

demonstrated. The paralysis still persisted when the patient left the

hospital at the end of the third week.

Hiinermann's three other cases presented symptoms similar to

the above. In one patient there was a contracted pelvis, requiring a

forceps delivery under ether. In another the patient was also deliv-

ered with forceps after a labor of twelve hours, while in the last case

(also a forceps delivery) the patient had tearing pains and jerking of

the left leg during the use of the instruments. In all these cases pain

and cramp were prominent symptoms, with complete paralysis of the

muscles supi)lied by the peroneal nerve. Hiinermann's explanation,

which has also been adopted by Mills, of the isolated paralj'^sis of the

peroneal muscles after instrumental delivery- is about as follows : The
sacral plexus, as will be recalled, is formed from the first three sacral

nerves and from a large nerve trunk coming from the last lumbar

nerve, called the lumbosacral cord. The plexus itself lies upon the

anterior belly of the pyriform muscle; the first sacral nerve lying

at one border (the upper or outer) of the muscle, the third sacral

nerve at the lower or inner border, the second sacral nerve lying

between them. The plexus thus rests on soft muscular tissue. The

muscle itself passes freely through the large sciatic foramen of the

pelvis, where it is not subject to pressure against a bony surface in
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such a way as to involve any of the nerve components of the plexus.

In the case of the lumbosacral cord, however, which enters into the

formation of the sacral plexus, the case is different. This cord arises

largely from the fifth and partly from the fourth lumbar roots. It is

a ver3' large cord and as it passes down into the true pelvis it bends

over the sharp border of the true pelvis. This lumbosacral cord

is therefore more liable to pressure and injury than the other parts

of the sacral plexus, especially in a high-forceps operation. Now
this lumbosacral nerve, according to Lefebre and others, is the root

of the peroneal or external pojjliteal nerve. This nerve in fact is

a continuation of the lumbosacral cord, and in rare instances it has

been traced as a separate nerve all the way from the pelvis (Mills).

As will be recalled, the superior gluteal nerve arises from the lower

part of the lumbosacral cord. This nerve supplies the gluteus

medius and minimus muscles. From its origin, it is liable in these

cases to injury, and this has been found to be the case in some in-

stances. The distribution of the peroneal nerve is as follows: It

divides into the anterior tibial and musculocutaneous nerves. The
anterior tibial supplies the tibialis anticus, extensor lougus digi-

torum, extensor proprius hallicis, and extensor brevis digitorum.

The musculocutaneous nerve supplies the muscles on the fibular side

of the leg, and gives branches to the peroneus longus and the peroneus

brevis muscles. The sensory filaments of the peroneal nerve by its

two main branches supply the great and second toes and the adjoin-

ing sides of the second and third toes, the dorsum and inner side of

the foot, and the inner side of the ankle ; also the outer side of the

foot and ankle and all the toes excepting the outer side of the little

toe. As a consequence of this distribution the paralysis in this

peroneal type of puerperal palsy involves the muscles which dorsi-

flex the foot and extend the toes. The sensory area involved includes

most of the toes, the dorsum of the foot, the outer side of the ankle,

but, as already said, anaesthesia is usually not marked in these cases.

It is found from clinical experience that the tibialis auticus muscle

is most likely to remain paralyzed. This muscle elevates the inner

border of the foot, extending (dorsiflexing) and adducting the foot

at the ankle. The extensor longus digitorum extends the toes

and dorsiflexes the foot. The peroneus lougus and peroneus brevis

muscles evert the foot and rotate it outwards. By reference now to

the table given elsewhere of the representation of the various muscles

iu the different segments of the cord (see page 249) it will be seen that

those muscles affected in puerperal traumatism have their centres iu

tlie fourth and fiftli lumbar segments, and it is from these segments*

that the great lumbosacral cord arises. Hence the demonstration
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here given, according to Hiinermann and Mills, is clear, that in those

cases of jmralysis following the high-forceps operation this lumbo-

sacral cord is the portion of the sacral plexus most frequently in-

volved, and that this is by direct pressure or injury. A further

j)roof that this paralysis is caused by injury, and not by infectious

neuritis extending from a metritis or pelvic cellulitis, is the fact that

in some of these cases the paralysis appears even as early as the first

day after delivery. An additional proof of the mechanism of this

paralysis is the fact that the lumbosacral cord is not located in a

favorable position to be attacked alone by an infectious process

arising from a septic inflammation about the uterus. Any such

septic process causing pelvic cellulitis would be quite as likely, if not

more likely, to involve the sacral plexus proper.

It is supposed by some authors that this involvement of the

lumbosacral cord may cause an ascending neuritis, which eventuall}^

involves the spinal cord. This hypothesis, however, is not necessar}^

to explain the clinical fact. The paralysis is so distinctly localized

in the distribution of the peroneal nerve that it is satisfactorily

explained by involvement of this large nerve trunk alone. In cases

in which the paralysis passes from one side to the other, it is likely

that an inflammatory process has been set up in the cellular tissue

surrounding the lumbosacral cord, and that this passes in time to the

other side. This seems to me a more reasonable explanation than that

given by Mills, that the inflammation ascends to the roots of the

Cauda equina and jDasses from one to the other by reason of their con-

tiguity. If this were so other nerve trunks would also be involved.

It is also possible in these cases, in which the affection seemingly

passes from one side to the other, that the injury has originally been
bilateral, but because of the position of the child's head the injury is

worse and therefore more promptly manifested on one side than on

the other. It may be recalled, however, by reference to Hiiuer-

mann's cases, that the symptoms were almost uniformly unilateral.

The one striking exception to this occurred in a woman in whom
there was a suspicion of syphilis.

In discussing the mechanism of this peroneal tjpe of puerperal

palsy Hiinermann does not incline to the belief altogether that the

trauma to the lumbosacral cord is caused directly by the forceps.

These cases, it is true, usually happen after forceps delivery, but

they occur in women who, from contracted pelvis or some other cause,

have prolonged and difiicult labor. This renders an instrumental

delivery necessary, but the immediate cause of the compression

or bruising of the lumbosacral nerve is pressure by the child's

head. Hiinermann believes that rotating or side-to-side movements



320 LLOYD—CEEEBROSPINAL AND SYMPATHETIC NEmTES.

effected by the forceps are especiallj' liable to cause this accident.

Mills inclines to the belief that a practical point in the differential

diagnosis of nerve injuries by the forceps from those caused by pres-

sure of the head of the child is that in the former the sacral nerves

are most likely to be involved, and in the latter the lumbosacral cord

and possibh^ the first sacral nerve. In Hiinermann's cases certain

important obstetrical data were obtained with reference to the posi-

tion of the head and the size and shape of the pelvis. The measure-

ments, according to him, showed a generally contracted pelvis. He
believes that these accidents are not liable to occur in a normal pelvis

except in face and brow presentations. It is a remarkable fact that

in Mills' case two sisters of the patient died in labor within two

months of her own delivery. This seems to point to the possibility

of all three sisters having deformed pelves.

A i^roper scientific study of this injury no doubt demands more

careful investigation of the diameters of the jjelvis. It is evident that

some forms of contracted pelves are more liable to lead to crushing of

the lumbosacral cord than others. Hlinermann, for instance, states

that the flat rachitic pelvis is not liable to cause this accident since

the oblique diameters of this pelvis are greater than the average.

In the second or sacrodistal and sacrogluteal type of puerperal

palsy the symptoms are merely of a neuralgic character in cer-

tain well-defined areas, without paralysis or with very slight paraly-

sis of short duration, or even with only a pseudo-paralysis due to

the inhibition of movement b}^ pain. These cases probably do not

differ essentially from the preceding, except in the severitj^ of the

symptoms and the predominance of i)aiu. The symi^toms are not

always confined, however, to the distribution of the lumbosacral

nerves. They may be called in fact preeminently the neuralgic type

of x^nerperal palsy . In these cases there is usually considerable pain

during labor. This jjersists after labor and may even be aggravated

for a day or two. The character of the pain is severe and it is

usually associated not so much with true paralysis as with immo-
bility of the limbs caused by the pain. The location of this pain

varies. It may be felt in the groin and may even seem to involve the

entire limb. In these cases the anterior crural and obturator nerves

may be involved, as well as the branches of the sacral plexus. Thus
in Fullerton's case, already referred to, pressure on the anterior

crural and obturator nerves caused the patient to cry out with

pain. If the nerves of the sacral plexus are involved the pain may
radiate about the buttock and down the posterior aspect of the

thigh. In such cases explorati(m by the rectum may lead to the

detection of the individual nerve trunk or trunks of the sacral j)lexus
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that are involved. Pressure upon them will usually cause the jjatient

to cry out with pain. In cases of this type there is not usually any
true anaesthesia. Mills records a case of this sacral neuritis in a

woman aged thirty-three. When first pregnant she began to suffer

pain, extending from the hiji to the heel of the left side. After labor

she did not entirely recover from this, and with each succeeding

pregnancy the pain became worse. After the birth of the fifth child

she was obliged to use crutches because of the pain in walking.

There was ultimately some slight sensitiveness also in the other leg.

This sensitiveness in the leg first affected was found particularly over

the sciatic distribution. Examination by the rectum and the vagina

showed extreme sensitiveness of the left sacral plexus. There was
also found a prolapsed, enlarged, and retroverted womb, with pelvic

exudations and adhesions. The ovarian tube on one side was tender

and enlarged. In this case there was evident a general inflammatory

state, or the results of an inflammatory state, in the pelvic organs.

This had resulted evidently in involvement of some of the nerve

trunks, with resulting neuralgic symptoms.

Kelly, quoted by Mills, refers to a case of a woman who had
suffered with exacerbations of great pain in the pelvis, which had led

eventually to the removal of both tubes and ovaries. This had not

relieved her pain. Careful examination subsequently showed that

the uterus and its surroundings were free from disease. By rectal

examination, however, it was found that one of the main cords of the

sacral plexus was exquisitely sensitive, so that when it was touched

the patient gave a sudden scream, at the same time doubling up her

leg. The disease of the sacral plexus in this case had followed a dif-

ficult forceps delivery.

All cases of this neuralgic type of disease of the pelvic nerves are

not due necessarily to labor and its complications. Disease of the

ovaries and tubes may also cause such symptoms. Ovarian tumors

and diseases of the rectum, as already explained, may cause obscure

neuralgic pains in the nerves issuing from the pelvis.

The third type—neuritis, local or multiple, due to septic or other

infection—is referred to here briefly as throwing some light upon the

genesis and pathology of these puerperal palsies. It does not in

strictness, however, belong to a consideration of disease of the sacral

nerves, although these nerves are usually involved. In this class of

cases there is usually a more or less diffused or multiple neuritis, the

nerves involved not being necessarily only those of the lumbar and

sacral plexus. In other words there is an inflammation of nerve

trunks due to the absorption into the blood of septic matters from the

womb. That various poisons may cause a multiple neuritis is now
YoL. XI.—21
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well known. I reported a case witli Dr. Kiesman'" in wliicli a gen-

eral multiple neuritis was evidently caused by a septic condition of

the blood, associated with an endocarditis, although the case was not

a puerperal one. Some writers have reported cases of multiple

neuritis occurring after normal labors. In some of these cases it is

more than probable that the cause of the disease was alcohol. The

earlier sj-mjjtoms may even occur before labor, and in such cases a

true septic origin cannot well be supposed. Cases that occur after

labor usually come on before the end of the third week. In cases in

which there is a true septic origin the nerves of the pelvis are usually

involved earl3\ Later other nerves in other jDortions of the body may
become involved. It is proper to say, however, that such instances

are very rare up to date in medical literature, and cases that have

occurred or that may yet occur require or will require a very search-

ing criticism to establish their identity. While it cannot be denied

that, theoretically, puerperal infection may cause a more or less dif-

fused multiple neuritis in other portions of the body, still the al-

leged fact must be accepted with caution. Direct involvement of the

pelvic nerves in an infectious cellulitis is readily understood, and so

may be an inflammation of other and remote nerve trunks by septic

poisoning carried to them from the blood. Practically, however, we

know that while the former instances are not uncommon the latter are

extremely rare. The necessity of a careful criticism in these cases

is well shown in the case reported by Mobius"" in a woman who was

seized with painful cramps in the left calf three weeks after the

birth of her child. Loss of power in the forearm and in the scapular

region occurred later. In this case, as quoted by Mills, alcohol

and lead are not excluded as possible factors. Handford's'" cases

show unmistakably the action of alcohol. There was nothing special

about them except the fact that the disease came on during the puer-

perium. Both women were wives of publicans and had evidently

been addicted to the excessive use of alcohol.

The fourth type is a form of neuritis, with paralysis and pseudo-

paralysis, due to phlebitis, often septic but having special features.

In cases of pelvic phlebitis or phlegmasia alba dolens the patient may
have involvement of some nerve trunks and may be for a time i)ar-

tially paralyzed. Neuritis may result from spread of the inflammation

by contiguity or by pressure. In cases in which neuritis occurs the

symptoms of nerve injury may possibly persist after the other symp-

toms have subsided. These cases, in fact, are instances simply of

an infectious process, and hence do not diff'er materially from cases

already mentioned except in the fact that the ])rincipal veins are in-

volved. Thus a patient suffering with i)hlebitis may develop other
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septic symptoms. She may become i^ysemic, and an infectious mye-
litis, resulting in an incurable paraplegia, may result. Winckel
quotes authorities to prove that in some cases of phlegmasia paralj'-

sis of the affected leg may remain. In such cases there is usually a

history of some septic condition occurring during or subsequent to

labor. In one case, referred to by FuUerton, an abscess had formed
over the right sacrosciatic foramen. A left crural phlebitis existed,

with the characteristic oedematous and anaesthetic condition of the leg.

The uterus was embedded in a mass of pelvic exudate. In such a

case the impairment of movement is largely due to the swollen state

of the leg, and is not a true paralysis. As, however, there was ex-

tensive septic infection of the pelvic organs it is possible that some
of the pelvic nerves may have been involved. In some cases localized

or diffused pain may exist in the leg. Thus the great toe or the foot

may be the seat of neuralgic pains. In some cases the limb maj not

only be paralyzed but wasted with some loss of sensation. This con-

dition is probably due to injury or inflammation of some of the nerve

trunks in the pelvis, which is only coincident with the phlegmasia,

that is to say, the conditions are all dependent on a septic infection.

From examination of reported cases, especially those quoted by
Mills, it is apparent in this type of case, in which phlebitis occurs,

that a true paralysis, due to injury of the nerve trunk, is not always

present, but that the disability of the leg is due to the swelling and
consequent stiffness.

The diagnosis of all forms of disease or injury to the sacral plexus

depends of course upon a thorough exijloration of the parts. As
already said, a thorough exploration of the pelvis by the vagina and
rectum is often essential in obscure cases to clear up the diagnosis.

Examination by the rectum is especially important. By this means
the nerve trunks can be palpated and any disease, as tumor or inflam-

mation, in the posterior part of the pelvis can usually be demon-
strated. It may be put down as a rule, that in every case simulating

sciatica or neuralgia about the hip, groin, buttock, or thigh an exam-
ination of the pelvic contents should be made.

The distribution of the pain and i)aralysis in the different types

of disease just described is usually sufficiently characteristic. These
symptoms can generally be traced to involvement of one or other of

the main nerve trunks of the sacral plexus. The history of the case,

especially of a jjreceding labor, with instrumental delivery or septic

complication, often clearly indicates the character of the lesion. In

cases of beginning ovarian tumor or rectal disease, however, mistakes

are easily made, as the preceding history of the case may be obscure.

In such cases exploration of the pelvis is imperative.
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Hysteria can unquestionably simulate organic disease of the pelvic

nerves. Churcliliill, for instance, in his paper already cited, gives

Liudoubted examples of hysteria occurring in the puerperium. Lee-

son reports two cases of paralysis after adherent placenta, which were

evidently hysterical; contractures were the prominent symptoms, and

the women recovered promptly. In such cases characteristic hyster-

ical stigmata are usually present, esj)ecially segmental anaesthesia of

the leg or hemiansesthesia involving both arm and leg. Characteris-

tic mental states are also present. The affected muscles do not de-

generate, and the paralysis is not confined to the muscles supplied by

any one particular nerve, but usually involves all the muscles of the

leg.

The j^O't^iology of these affections of the sacral nerves is readily

understood and has been indicated sufficiently in the special section

devoted to the subject of the general pathology of the nerves. In

cases of simple pressure or crush, as those in which the lumbosacral

cord is involved, the nerve fibres are undoubtedly ruptured. In cases

of septic infection of the pelvic organs and tissues the nerves are no

doubt in a state of more or less acute inflammation, or they are em-

bedded in an inflammatory exudate and thus subject to pressure.

The earlier theories, first of a functional, and second of a reflex

origin, for these puerperal paralyses are now recognized as no longer

tenable. This latter theory, which was long upheld by the older ob-

servers, rested upon the belief of an abnormal excitation which ex-

hausted the spinal centres, and thus, as it were, paralyzed the nerve

trunks. Such a theory was little better than a cloak for ignorance,

and does not require serious consideration here. The theory of an

ascending neuritis, passing eventually into the spinal cord, is still

held by some observers and is possibly not uureasonable. As the

trophic centres for both the motor and sensory neurons are located

far above the seat of inflammation, it is not likely that an ascending

degeneration can occur. According to Fleming, however, distinct

changes do occur in the cell-bodies, both in the spinal ganglia and in

the anterior horns, in cases in which the axis-cylinders have been cut

across or compressed. Those clianges consist in a shrinking of the

nucleus and a shifting of its position, and in apparent alterations in

the chromatic elements in the cell. In the case of acute inflammation

the possibility of this process ascending even to the spinal cord can-

not be denied. The symptoms, however, in most of these cases do

not indicate clearly an involvement of the spinal cord. The bladder

and rectum are usually not involved, and the symptoms are merely

such as can readily be accounted for by implication of the nerve

trunks.
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The treatment for all forms of paralyses of the sacral nerves is a

subject of great importance. Much, of course, will depend ujjon

the accurate diagnosis of the case and the determination of the cause.

If neuralgic symptoms are excited by organic lesions deep within

the pelvis, it will be useless for the practitioner to address remedies

to the cure of the symijtoms instead of to the removal of the

cause. Thus sedative, anodyne, and alterative drugs will prove of

practically no benefit in a case of ovarian tumor making pressure

upon some of the nerves of the pelvis. On the other hand, a surgical

operation for the removal of diseased tubes and ovaries, the seats of

septic infection, will not necessarily cure a neuritis that is dependent

upon a transmission of this septic process through connective tissue

to the nerve trunks.

Of first importance, of course, in obstetric cases is thorough

asepsis. This is of more importance even as a prophylactic than as a

therapeutic measure. The discussion of this subject, however, is more
appropriate in special works on obstetrics. Surgical treatment in

such cases is often required promptly. The evacuation and drainage

of pelvic phlegmons, the ablation of diseased ovarian tubes, the

thorough irrigation and cleansing of the whole parturient canal,

are among the procedures demanded in such cases. The mischief

once done, however— i.e., an inflammatory process once having fast-

ened upon the nerve trunks—the ordinary obstetric procedures and

operations will not necessarily cure the patient promptly or even

eventually. The neuritis under these circumstances may be as obsti-

nate to treatment as in the case of nerve trunks in other parts of the

body, and we know that neuritis, especially when set up by trauma

and infectious processes, is usually a stubborn disease. Still the

ordinary obstetric procedures and even major operations are in the

line of proper treatment for many of these cases.

In case of malignant disease, such as cancer of the rectum or

sarcoma of any part of the pelvis, as in Putnam's case, the ques-

tion of operation is a purely surgical one. The primary disease in

these cases usually so greatly overshadows the nerve lesions that the

question of treatment of the latter, except by anodyne drugs, seldom

arises.

In all forms of puerperal paralysis rest is absolutely essential.

These patients should be kept upon their backs in bed; this is usu-

ally indicated in all forms of puerperal sepsis, but especially in cases

in which the nerves are involved. Absolute immobility of the limb,

more particularly in grave cases, such as the peroneal palsy due to

injury of the lumbosacral cord, is indicated. Mills even recom-

mends that sand bags be applied to either side of the legs and feet in
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order to secure this immobility. Fiillerton elevated the limb and

bandaged it with flannel. This observer also applied flaxseed poul-

tices over the groin in a case in which the anterior crural and obtu-

rator nerves were involved. In some cases, instead of using sand

bags, it is more desirable to put the affected limb upon a splint.

By this means the leg can be kept more securely fixed than in any

other way. It is desirable also to swathe the leg in cotton. This

maintains the circulation and promotes sweating.

Alternate hot and cold bathing of the leg is recommended hj some.

As, however, the morbid process is deep seated within the pelvis it is

difiicult to give a rational explanation for such treatment to the periph-

ery ; nevertheless, experience seems io prove that such bathing is

sometimes beneficial. It probably acts in several ways. Thus it

may both maintain the circulation and also favorably impress in

some way the nutrition of the nerve trunks.

Anodyne and sedative drugs will almost invariably be demanded

in these cases because of the pain and the general nervous reaction of

the patient. Opium undoubtedly is the most efficient drug for this

purpose, but it should be used with caution lest it lead to the forma-

tion of the drug habit. This is especially true in the graver forms

of these paralyses in which the prosx^ect for cure is remote. The

patient under these circumstances will soon come to rely upon an

opiate in some shape. In the milder cases, however, as, for in-

stance, those in which simple neuralgic pains are present, a proper

use of some opiate is indicated. The drug probably acts not only a^

a jjalliative but even as a curative by assisting in keeping the nerve

trunks perfectly at rest. Thus in cases in which the natural tendency

of the disease is to abate and even disappear in a few weeks, there is

no good reason why the patient should not have the benefit of the

relief and possibly curative action of opium in some form. The best

methods of administering the drug in these cases are by opium sup-

positories and the hyi)odermic use of morphine. Among other

sedatives, the coal-tar products, such as phenacetin, antipyrin, auti-

kamnia, or exalgin may be employed.

Of alterative drugs, salicylate of sodium or salophen is probably

efficacious in some instances. Iodide of potassium is of little use in

cases of injury or inflammation of the sacral plexus. Some authori-

ties recommend the use of mercurials in these cases. Inunctions of

mercurial ointment may be used on the affected leg, especially upon

the inside of the thigh and in the groin. This treatment may even

be persevered with until a slight constitutional effect, shown by a

mild degree of ])tyalism, is secured.

After the acute stage is past an endeavor should be made to
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restore the paralyzed muscles. The best remedies for this purpose

are massage and electricity. In cases in which the muscles have de-

generated and the reactions of degeneration are present, the faradic

current is not a})propriate. The muscles will not react under these

circumstances to this current. Galvanism should therefore be em-

ployed in a current of sufficient strength to cause slight muscular

response. Massage of the affected limb is undoubtedly a useful

adjunct to the galvanic treatment. It should be done by an expert,

and only with great care and gentleness, especially in cases in which

the muscles have undergone advanced degeneration.

Diseases of the Superior Gluteal Nerve.

This nerve, as already described, arises from the lumbosacral cord.

It emerges from the pelvis through the great sacrosciatic foramen,

above the pyriformis muscle, being the only nerve of the sacral

plexus that passes out above this muscle. It is distributed by its

two terminal branches to the gluteus medius and minimus muscles

and to the tensor vaginae femoris. It is entirely motor.

This nerve is seldom, paralyzed alone. As it arises from the lum-

bosacral cord it maj^ be involved in injuries to this cord, such as have

already been described as occurring in difficult cases of labor. Thus
in all cases of the peroneal type of puerperal paralyses injury to this

nerve may be suspected and the symptoms of it should be sought for.

Paralysis of the muscles supplied by this nerve causes inability to

rotate the thigh inwards. There is also impairment in the ability to

gain an erect posture after stooping and in rising from a sitting

position.

The treatment of this affection has already been indicated under

the head of the sacral plexus.

Diseases of the Pudic Nerve.

This nerve arises from the lower part of the sacral plexus, and

like all other branches of this plexus, excepting the superior gluteal

nerve, passes out of the great sacrosciatic foramen below the lower

edge of the pyriformis muscle. By its various branches it is dis-

tributed to the skin about the anus, the perineum, the back of the

scrotum, and the penis or clitoris. It gives muscular branches also to

the transversus perinei, accelerator urinae, erector penis, and com-

pressor urethrae. Paraly sis of this nerve causes anaesthesia in the parts

indicated, and some loss of power in the bladder, which, however, is

usually not complete. An important point of distinction is that the

side of the scrotum is not anaesthetic in case of paralysis of the pudic
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nerve. This is due to the fact tliat this portion of the scrotum is

supplied by the ileoinguinal nerve, which arises from the upper part of

the himbar plexus. The pudic nerve is seldom if ever involved alone.

In lesions of the sacral plexus, however, it may be paralyzed or irri-

tated. Characteristic symptoms are neuralgic pains about the anus

and perineum.

Diseases of the Small Sciatic Nerve.

The small sciatic nerve is distributed to the skin of the perineum

and to a well-defined area on the buttock, the posterior aspect of the

thigh, and leg. It supplies only one muscle, the gluteus maximus.

It arises by two roots from the lower part of the sacral plexus. It

passes out of the pelvis in company with the great sciatic nerve be-

neath the lower margin of the pyriformis muscle. This nerve sup-

plies a well-defined area or strip of skin over the gluteus maximus,

the perineum, the posterior aspect of the thigh, the jjopliteal region,

and the ajjper and posterior part of the leg.

The small sciatic nerve may be and has been injured alone. In

one case, recently under observation, I saw well-defined symptoms
of injury of this nerve trunk as a result of an accident caused by the

collision of two trolley cars. In this case the patient had been violently

shocked in the collision and had been picked up unconscious. There

were large ecchymoses under the skin of the loins and flank. After

recovery from the immediate effects of the accident the patient con-

tinued to suffer for many months with well-marked anaesthesia over

the posterior part of the thigh and in the perineum. There was a

slight limping gait, such as might be caused by a wrench or strain of

some of the muscles of the hip and thigh. The patient also had
some loss of virile power. While all these symptoms could not be

attributed exclusively to injury to the small sciatic nerve, yet the

anaesthesia in the distinct and limited area showed that that nerve at

least had been injured, along possibly Avith some other nerve roots or

components of the sacral plexus. In such a case it is impossible to state

dogmatically just what the injury to the nerve is or where exactly it

is located. In these traumatic cases, however, it will generally be

found that single nerve trunks are not involved alone. The iujurj^

whatever it is, usually implicates the fibres of several nerve trunks or

nerve roots. As these fibres are variously combined in the sacral

plexus, the possibility is that the lesion is located either in that

plexus or, more probabl}', in the roots of the sacral nerves within the

spinal canal, or in the sacral nerves themselves as they emerge from

the sacral foramina.

The lesion itself in these cases probably consists in minute con-
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tusions or even caijillary hemorrliages within the nerve trunks. We
must suppose that there is distinct organic change in the nerves that

jjroduces such persistent symptoms. It does not do to suppose a

mere dynamic lesion. The lesion is doubtless organic or structural,

although exceedingly minute. Even the rupture of a few axis cyl-

inders is quite conceivable as the effect of profound shock or con-

cussion. Subsequent attempts at repair cause a hyperplasia, which

in turn may press upon and obliterate other nerve fibres within the

same nerve trunk. A kind of scar tissue may thus be formed by

which the nerve is possibly for a long period, or even irreparably

impaired. Such a pathological process seems essential to explain

some of these traumatic cases. The nerves involved are especially

those of the dorsal, lumbar, and sacral regions. Such cases are

often of great medico-legal importance. They are the cases in which

claims for damages are not infrequently put forward, and are some-

times very justly allowed by courts and juries. As the symptoma-

tology in these cases, however, is often not a little obscure, it is

essential that the patients should be examined with the utmost

minuteness of detail and with knowledge of the exact course and dis-

tribution of the main nerve trunks. The case above referred to was

an example of the necessity for such care. By eliciting and locating

all the obscure sensory and motor symptoms in these cases, they

often gradually assume a clear and distinct type, which can frequently

be successfully demonstrated even to the lay mind.

The small sciatic nerve may be involved in the various lesions of

the sacral plexus, which have been already described and need not be

repeated here.

The symptoms of disease or injury of the small sciatic nerve are

anaesthesia of the skin covering the posterior part of the thigh, the

glutei muscles, the perineum, and the upper and back part of the

leg. There is also paralysis of the gluteus maximus muscle, and this

is shown especially by inability or impairment of the x)Ower of the

patient to arise from a sitting position. His ability to stand upright

is not impaired.

The treatment of disease or injury of the small sciatic nerve

has been in the main sufficiently indicated in the section on the

sacral plexus. A few words may be said, however, about the

medico-legal traumatic cases. Patients siiffering with these lesions

often require great tact and discrimination in their management.

There is nearly always present a subjective or hysterical element in

such patients which may seriously complicate the diagnosis and

baffle the treatment. Therefore, while fully recognizing the fact that

the patients have organic lesions, the practitioner should in every
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instance make a proper use of mental or suggestive therapeutics.

The subjective element in these cases is no doubt intensified and

maintained by a pending lawsuit. Consequently a guarded prognosis

should be given, with reference both to the duration of the case and

to the ultimate recovery, so long as the lawsuit is unsettled.

Diseases of the Great Sciatic Nerve.

This, the largest nerve in the body, arises from the apex, as it

were, formed by the junction of the various cords of the sacral plexus.

It passes out of the pelvis through the great sacrosciatic foramen

beneath the lower margin of the pyriformis muscle. Occasionally

there is an anomalous high division of the great sciatic nerve before

it emerges from the pelvic cavity. In such cases one branch or

division of the nerve passes directly through the body of the pyri-

formis muscle, the other division pursuing the usual course beneath

the margin of that muscle. In emerging from the pelvis the nerve

is located about midway between the tuberosity of the ischium and

the trochanter major (rather nearer the former), where it is easily

subject to pressure and palpation. It descends beneath the surface

of the back part of the thigh, almost in the median line, being covered

in the upper part of its course by the gluteus maximus muscle, and,

about the middle of the thigh, by the biceps. Except in the anomalous

cases just referred to, it divides at the lower third of the thigh into

its two main branches, the external and the internal poi)liteal. In the

anomalous cases in which this division occurs within the pelvis the

two nerves descend side by side in the thigh. The great sciatic ner^'e

is both sensory and motor. In the thigh before its division it sup-

plies the flexors of the leg, i.e., the biceps, semitendinosus, semimem-
branosus, and adductor magnus. By the internal popliteal nerve it

supplies the sural group of muscles, as well as some of the smaller

muscles of the foot. By the external popliteal or peroneal nerve it

sux^plies the tibialis anticus, extensor longus digitorum, extensor

proprius pollicis, peroneus longus, and i)eroneu8 brevis. The great

sciatic nerve supplies sensory filaments to the outer half of the front

of the leg, to the outer lower part of the back of the leg, the dorsum
and sole of the foot, also to the little toe and the neighboring half of

the fourth toe. These distributions will be described more minutely

when the diseases of the two main branches of the nerve are dis-

cussed.

The main trunk of the sciatic nerve may be injured by pressure

and by various wounds. It may also be involved in tumors and may
be the seat of special inflammatory or irritative lesions which pro-
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duce the symptoms of the well-known disease called sciatica. This

disease will be described presently.

Numerous instances are on record of injuries and wounds of the

sciatic nerve. Annequin'^' has recorded an instance of section of the

trunk of the sciatic nerve at its point of emergence from the pelvis.

Bouilly'^" relates a case of contusion of this nerve. Charcot has also

put on record a similar case. Park ""' gives an instance of rui)ture of

the sciatic nerve. Van Buren"" saw a case of wound of the great

sciatic nerve, which caused a trophic ulcer in the sole of the foot, and

Warren"" has narrated an instance of gunshot wound of the thigh in

which the great sciatic nerve was implicated.

The details of these cases of injury to the sciatic nerve are full of

interest and instruction, from both the physiological and the therapeu-

tic standpoints. Banner'"^ relates a case of injury to the sciatic nerve

in a man, caused by the following accident : The patient fell out of a

window, striking upon the iron spikes of a fence surrounding an area

below. He received two punctured wounds, one involving the anus

and the other on the back of the thigh. From this latter wound pro-

truded filaments of the sciatic nerve. The jjrincipal symx)toms were

pain and ana3sthesia in the course and distribution of the sciatic

nerve and spasmodic twitching of some of the muscles supplied by

this nerve. The whole nerve had evidently not been divided, but it

had been lacerated and part of it had been partially stripped off of

the main trunk and was protruding from the wound. The spasmodic

twitching of the muscles could be explained by the fact that they were

still in connection with the nerve, the fibres of which were irritated by

the injury. Recovery in this case was almost perfect. Warren'" reports

the case of a man aged eighteen years who, at the battle of Williams-

burg, in the American Civil War, received a bullet wound midway be-

tween the tuberosity of the ischium and the great trochanter of the left

side. He suffered but little pain at first, but in a few days great pain

began in the sciatic nerve. The limb was drawn up and held immo-
bile, but this seems to have been partly due to the pain. An explora-

tory operation revealed spicules of bone pressing against and irritat-

ing the great sciatic nerve. The case is imperfectly reported, as details

of motor and sensory symptoms are not given; but it is possible that

the nerve trunk was not severed but only wounded by the bullet or

irritated by the spicules of bone. Park ""' relates a unique case of

rupture of the sciatic nerve in a boy aged thirteen years. The
patient had had an excision of the hip-joint for severe coxitis. The
disease had recurred and progressed. Extensive sinuses had formed

and there was tuberculous caries of the ischium. At a second surgical

operation a large flap of the buttock was raised, thus exposing the
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sciatic nerve, which was found adherent to surrounding tissue.

While the surgeon was dissecting the nerve away, the patient sud-

denly aroused from the anaesthetic and gave a violent wrench, com-

pleteh' rupturing the nerve. The ends were immediately joined and

sutured. Complete paralysis of motion and sensation occurred in

the sciatic distribution, but perfect recovery followed in two weeks.

This claim of entire recovery of motion and sensation in two weeks

after complete rupture of the sciatic nerve is difficult to reconcile

with what we know of the anatomy of the motor and sensory neurons,

and of the slow process of regeneration that must necessarily take

place after the axis cylinders have been divided. Like too manj^

cases of injuries to nerves reported bj^ surgeons, the symptoms are

not given with sufficient detail to admit of a strict criticism. In Van
Buren's case'"' a man aged twenty-two had received a wound from a

small sword which passed entirely through the right thigh at its lower

third behind the femur. Loss of sensation in the skin on the peroneal

side of the leg and foot, together with loss of power of motion of the

foot and of the toes, followed the injury. These symptoms continued

at the expiration of two years when the patient was observed. In the

second year after the accident a trophic ulcer appeared on the heel.

This began as a blister, which soon degenerated into an indolent

ulcer, which had lasted for a year. It was about two inches in

diameter, extending in a conical form down to the os calcis. It

healed under appropriate treatment, continued for two months.

Annequin's case""* was briefly as follows: A man aged twenty-one

years received a wound from a stiletto in the posterior part of the left

thigh. Severe pain followed, and eventually there was wasting of

the left leg, paralysis of the foot, and loss of the power of flexion of

the leg upon the thigh. There was also imi:>airment of sensation.

There was paralysis of the biceps, of the semitendinosus and semi-

membranosus muscles, of the movements of the foot upon the leg,

as well as of the different i)art8 of the foot. The foot dropped
and this interfered with the gait. Walking, however, was possible.

There was complete anaesthesia in the distribution of the great sci-

atic nerve. The muscles were atrophied and flaccid and the tempera-

ture of the affected leg was less than that of its fellow. Faradic

sensibility was diminished in the flexor muscles already named in the

posterior i)art of the thigh, and was abolished in the peroneal mus-
cles, in the extensors of the toes, in the tibialis anticus, and in the

diverse muscles of the foot. This case is related in great detail by

Annequin and is a valuable contribution to the results of injury of

the sciatic nerve. For i)urposes of reference it is by far the most

valuable case on record. Bouilly ''" observed a case of contusion of the
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sciatic uerve in a man, aged fifty-five, who fell while asleep, violently

bruising the left buttock. There was neither luxation nor fracture.

The accident was followed by paralysis of the limb, with atrophy of

the muscles of the buttock, of the thigh, and of the leg, and other

symptoms of neuritis. The author reviews the history of other cases

of contusion of the buttock, and ascribes many of the symptoms of

these cases to a lesion of the sciatic nerve. He believes, however,

that while injuries to the buttock are not rare, contusion in these

cases of the sciatic nerve is far from being common. This papier of

Bouilly is also a minute statement of nerve injuries resulting from

traumata about the buttock, and is a valuable contribution to both the

surgery and the pathology of those cases in which the sciatic nerve

may be involved.

The sciatic nerve has also been involved in tumors such as sarco-

mata, myxomata, and fibromata. Coupland and Balding'*"^ report

tlie case of a man, aged thirty-four, who had a large fibrosarcoma, in-

volving the lower six inches of the sciatic nerve. The patient had

had i)ain in the leg for three years; for one jear he had noted a

swelling at the back part of the thigh, a short distance above the

popliteal space. The pain had been so severe as to interfere with

his work. Coupland excised this tumor. At the oj^eration it was

discovered to be oblong or spindle shaped, four to five inches long

and one and a half inches in width. It was completely ensheathed

in the sciatic nerve, and in order to remove the tumor it was neces-

sary to divide the nerve both above and below it. Five inches of the

nerve were thus exsected. This tumor returned after the operation,

and a secondary growth appeared in the anterior mediastinum, and

eventually assumed immense proportions, almost completely filling

the left side of the thorax. The tumor was a fibrosarcoma, evidently

of a very malignant character.

Camperon and Cornil '"' reported a case of tumor of the sciatic

nerve in a man aged twenty-two. Within one year after its appear-

ance it grew rather rapidly. It caused no pain except on pressure,

and no distinct motor symptoms, except a slight affection of the

gait, with trailing of the point of the foot. The tumor was found

to be incorporated within the left popliteal nerve. This nerve was

profoundly altered. The neoplasm seems to have infiltrated the

nerve, and to have been a fibromyxoma. Cornil made a minute his-

tological examination of this growth. The new tissue grew between

the nerve fasciculi composing the nerve trunk. The sheath of

Schwann of individual nerve fibres presented a proliferation of the

nuclei. Cornil says that the intrafascicular connective tissue had

developed in a morbid way and constituted the growth. It was
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uot therefore a true neuroma— /.e., it did not spring from the nerve

tissue proper, but from the connective or mesoblastic tissue of the

nerve trunk. This observer seems to think that it was unique,

although with our present knowledge it does not appear to have pre-

sented an 3^ extraordinary histological characteristics. It was remark-

able, however, in this case that the axis cylinders were preserved;

and this state corresponds with the clinical fact that the sensory and
motor functions were but little, if at all, affected.

Page'" observed a case of cystic tumor of the sciatic nerve in a

man aged thirty-six years. The tumor had been of four years' dura-

tion. On admission to the hospital there was no loss of sensation. At

the operation the tumor was found to be entirely within the sub-

stance of the great sciatic nerve, the sheath of the nerve constituting,

as it were, a capsule. In this case there had been some difficulty in

determining whether or not the tumor was an aneurysm of the

femoral artery ; especially as, after puncturing it, distinct pulsation

had been fsit. The tumor was a sarcoma, which had evidently' under-

gone cystic degeneration. In this case also it is noteworthy that

no loss of sensation was observed. This would seem to indicate that

the nerve fibres had remained intact. De Schweinitz'"'' reports a

case from Ashhurst's clinic, of a tumor which had developed on the

stump of an amputated thigh in connection with the sciatic nerve.

It was a fibroma and the chief symptom was extreme pain. Entire

relief followed excision, which was performed by Ashhurst.

Tiffany'" reports a case of a ship carpenter, aged sixty years, who
had, scattered over his body, many tumors of fibroma molluscum.

These had been present for many years. The first symptom of dis-

order in the sciatic nerve was drooping of the toe, causing a tendency

to trip, and followed by absolute loss of power in the foot and leg,

without pain. Later pain appeared, extending downwards from the

middle of the thigh. At this time, also, a lump was noticed at the back

of the thigh. At first paroxysmal, the pain tended gradually to be-

come persistent. The tumor was larger than a closed fist. It was fusi-

form in shape, the long diameter corresponding to the direction of the

sciatic nerve. It was freely movable from side to side, but less so

from above downwards, and any position that tended to stretch the

sciatic nerve made the tumor less movable. Pressure upou the tumor
caused i)ain in the whole trajectory of the sciatic nerve. The elec-

trical reactions were altered in the sural and peroneal groups of

muscles and in the anterior tibial. The growth was found on removal
to be an encapsulated tumor of the sciatic nerve, entirely' unconnected

with surrounding structures.

Marchand '"' also reports a case of cystic sarcoma of the sciatic
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nerve. It occurred in a mau aged thirty-eiglit years, who had per-

ceived for five years a swelling situated deeply in the posterior part

of the left thigh. As in most cases, there was for a long time no

spontaneous pain, but acute pain was caused by any accidental violence

to the tumor. After a very slow course of three years the patient

began to have some more active symptoms. Pain then began, with

disturbance of the motor functions. Eventually the pain became

severe and quite interfered with progression. This tumor is de-

scribed as oval in shape, as in most other cases reported. The
sciatic nerve is described as entering it at its superior pole, then

separating from it, forming a sort of plexus of the nerve fibres,

occupying the semicircumference of the tumor on its posterolateral

aspect. The nerve then became restored, as it were, into its two

main branches, the internal and external popliteal, just below the

tumor.

Other cases of tumor of the sciatic nerve are on record. In all

the growth consists of proliferated connective-tissue elements, con-

stituting a true tumor, usually sarcomatous in type. It springs en-

tirely, as a rule, from within the nerve sheath and eventually forms

a large oval or fusiform tumor. Through the new tissue the nerve

fibres course, and in some instances the axis cylinders may even re-

main intact. This accounts for the fact that several years even may
elapse before active symptoms of involvement of the nerve fibres ap-

pear. These tumors cannot be enucleated from the nerve structure.

They present the appearance of an infiltrating mass in which the

nerve fibres are hopelessly incorporated.

AUis '"^ has described the mechanism of injury of the sciatic nei*ve

in dislocations of the hip. The accident occurs especially in dorsal

luxation, in which the head of the femur may pass between the nerve

and the tendon of the outer hamstring or biceps muscle. The injury

may be so severe as to cause a prolonged neuritis, with partial or

complete paralysis. Quain reported a case in which the head of the

femur was forced beneath the obturator internus muscle, and the

great sciatic nerve was stretched over the neck of the bone.

The symptoms caused by paralysis of the great sciatic nerve cannot

be better shown than in the cases already cited, in which a portion of

this nerve had been exsected for a tumor growing within its sheath.

In Coupland's case, already referred to, a segment of five inches, in-

cluding the morbid growth, was removed. The region of the excision

was a few inches above the popliteal space, consequently above the

division of the nerve into its two main branches. The condition of

the limb at the end of six months was briefly described as follows

:

The knee was semiflexed, but movement of the joint was preserved.
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There was uo movement at tlie ankle-joint, the foot being inverted

and toes extended. There was much muscular wasting of the leg, and

walking, which was done with the aid of crutches, caused oedema of

the leg and lower third of the thigh. Sensibility was retained on the

front of the leg and dorsum of the foot, but was abolished on the back of

the leg and on the sole. A slough formed upon the heel, but the ulcer

cicatrized. An indurated mass, somewhat painful, persisted in the

upper part of the cicatrix at the j)roximal end of the divided nerve.

The preservation of sensation in this case, although not very defi-

nitely mapped out, was probably in the area supplied by the long

saphenous nerve. The movement of the knee-joint was preserved in

this case because the muscular branches of the sciatic nerve, which

sui^ply the flexors of the leg, are given off above the seat of the oper-

ation. In Tiffany's case'" the nerve was excised just above its divi-

sion into the two popliteal branches. Two and a half months after

the operation there was absolute paralysis of sensation and motion as

follows : Ansesthesia was complete in all the leg below the knee, ex-

cept in the area supplied by the long saphenous nerve, which arises

from the anterior crural. In walking the left knee was kept slightly

bent, the quadriceps extensor muscle being, as it were, overactive in

all movements. The bending of the knee was i^robably done to per-

mit this muscle or group of muscles to gain a firmer purchase. The
foot dropi^ed and was perfectly flaccid from the ankle, but took a

proper position when helping to support the body. Tiffany insists

upon the fact that this patient relied largely upon and was guided by

the quadriceps extensor muscle. He thinks that the muscular sense

of these anterior thigh muscles comjiensated to a great extent for the

loss of sensibility below the knee. In Marchand's case,"" in which

a cystic sarcoma was excised with a portion of the trunk of the

nerve, including the two main branches of the nerve in the poi)-

liteal space, the symptoms four months after the operation were

briefly as follows : The limb was the seat of an oedema somewhat

similar in appearance to scleroderma; nevertheless the circulation

did not seem languid, although the skin had a slightly reddened

hue. Anesthesia was complete in the posterior and external as-

I)ects of the leg. The skin of the foot, with the exception of the

internal border and of the great toe, was likewise anaesthetic. On
the intprnal aspect of the leg, on the contrary, the skin had pre-

served its sensibilit3^ This preservation of sensibility corresponded

exactly to the distribution of the internal saphenous nerve. The
patient was able to walk, even easily. Tlie extension of the leg was

performed regularly. The vault of the instej) was no longer main-

tained, and the sural muscles were completely paralyzed. The foot
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became flat each time that it supported the weight of the body, and

at the same time turned outwards just as in the valgus of flatfoot,

which it resembled remarkably. There was simultaneous paralysis

of the peroneal muscles, the sural muscles, the anterior and posterior

tibials, and the extensors and flexors of the toes. This paralysis ac-

counts for the effacement of the plantar arch and for the abduction

of the foot. Marchand does not give further details, but evidently,

from the muscles paralyzed, the patient had lost all power of motion

of the foot and toes.

The symptoms just enumerated are those, of course, that are

caused by total transverse lesions of the nerve trunk. Such lesions

of the sciatic nerve are not likely to occur except as a result of an

excision or wound, either accidental or surgical. Inflammation of the

sciatic nerve does not usually act as a total transverse lesion, although

it is conceivable that it might do so if of a very high grade and far

advanced. Compression of the nerve trunk has been reported as

caused by the patient sitting upon the hard edge of a chair or stool,

but in these instances the lesion is not transverse and complete. In

ordinary forms of inflammation or irritation of the sciatic nerve the

symptoms are those of the disease commonly known as sciatica, which

will now be described.

Sciatica.

Etiology.—Syphilis as a cause of sciatica has been recognized by

the ablest observers of this disease. Ludovic Dubois"' has given a

full resumi, of this subject in his very able thesis. The older observ-

ers, while recognizing various neuralgic affections due to syphilis, do

not make special mention, as a rule, of sciatica. Gros and Lancereaux,

Zambaco, and Lagneau, in their observations on nerve syphilis admit

the existence of syphilitic sciatica. They claim that the symptoms of

pain in the sciatic nerve may even exist without gross syphilitic

lesions causing compression. Dubois also admits the existence of

syphilitic sciatica as the so-called essential neuralgia due to the syph-

ilitic diathesis. Sometimes, however, these pains are the symptoms

of compression, and sometimes they may be caused by the presence

in the interior of the nerve of nodules, which are in reality gummata.

Dubois' general conclusions are as follows

:

Sciatica due to syphilis is more frequent than is supposed. It

manifests itself at diverse periods of the evolution of the disease,

and arises from various causes. In the period of secondary ac-

tivity it is probably due to a virulent subacute neuritis, which can

be compared to the sciatica caused by various other infections, as

Vol. XI.—23
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by purulent infectiou, and by tlie poison of typhoid fever. He
claims that syphilitic sciatica presents symptoms so characteristic as

to permit it to be distinguished clearly from any other kind of

sciatica. These symptoms are very acute—continued pains with

nocturnal exacerbations, with trophic lesions and muscular atro-

phy, associated with other secondary symptoms of syphilis. In the

period of tertiary activity the sciatica is caused by exostoses or

gummata, which compress the nerve, or possibly by gummata which

developed in the interior of the nerve trunk. Finally, syphilitic sci-

atica is always amenable to specific treatment, appropriate to the

period during which it develops. In this connection it is important

to call attention to the necessity of distinguishing true sciatica of

syphilitic origin from the fulgurant pains of posterior sclerosis of the

spinal cord due to syphilis. In the latter instance the pains are

bilateral, and are associated with other symptoms of locomotor

ataxia, especially abolished knee jerks, incoordination, and optic

atrophy.

Sciatica is no doubt associated in some cases with the rheumatic

and gouty diathesis. In very many instances, however, these consti-

tutional states can only be suspected. In the vast majority of these

cases patients suffering with sciatica do not present marked symp-
toms either of constitutional gout or of rheumatism. It seems, in-

deed, that the tendency to ascribe inflammation of tlie sciatic nerve

to either gout or rheumatism arises from the difficulty or inabilit}^ of

the observer to attribute it to any other cause. Certainly very many
cases of so-called idiopathic sciatica, in which a gouty or rheumatic

diathesis is suspected, do not respond to appropriate constitutional

treatment for these diseases.

The influence of exposure to cold as a cause of sciatica cannot be

denied. This, I think, is true in cases especially of i:)ersons whose
general health is in any way impaired. Thus men who are underfed

and overworked and who are then exposed to cold, especially in asso-

ciation with dampness, are liable to these attacks. Excessive use of

alcohol is probably a predisposing factor in such cases. Finally, it

cannot be denied that many cases of sciatica occur in which the caus-

ation is altogether ol)scure. I have known it to occur in a perfectly

healthy woman, in whom no satisfactory cause could be traced. In

another instance, a physician in the prime of life, apparently in per-

fect health, became a martyr to sciatica for two years. The only

cause that was susi)ected was rather high living with a somewhat too

free indulgence in alcohol. No symptoms attributable to gout were

observed.

Malaria has been supposed by some, in the absence, however, of
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very conclusive evidence, to be a cause of sciatica. Such cases, how-

ever, do not yield, as a rule, to treatment by quinine.

Lead and the other metallic poisons have not been satisfactorily

shown to be causes of sciatica.

Synvptoms.—The chief symptom is pain coming on either abrupt-

ly or gradually with mild paroxysms. Occasionally it is noted in the

beginning only when the patient makes some unusual motion or effort.

Thus in one case of which I have knowledge, the patient for some
weeks had noticed a sharp pain in the calf of the leg on sneezing.

This was the beginning of a most painful and obstinate attack of

sciatica. In other cases the patient feels these initial pains on

suddenly rising, or bending the leg, or especiallj^ on forcibly bend-

ing the thigh or throwing the thigh muscles into rigid action, as on

attemjjting to lift a weight. This fact often leads the patient to

regard some particular movement or effort as the cause of the dis-

order ; and this, I am sure, is often if not always an error. The pain

under these circumstances is merely an indication that the nerve

trunk is the seat of a beginning inflammation, and the pain is excited

by the sudden violent action of the muscles which either extend or press

upon the nerve trunk. Thus a forcible action of the pyriformis muscle

might very readily cause sufficient pressure to excite pain in a hyper-

sensitive nerve, whereas a healthy nerve would be entirely insensible

to this action. In the early stages of the disease the pain is usually

paroxysmal. Not infrequently, however, it is insidious, more or less

constant, of a dull aching character, and prevents the patient from
keeping the leg in a comfortable position. As the disease advances

the pain becomes much more severe, and may be of a sharp, tearing,

or lancinating character, especially intense on movement. Coughing
and sneezing usually aggravate it, and in some instances these actions

are much dreaded by the patient. The pain of sciatica is usually felt

along the whole course of the nerve, extending even into the foot

and toes. There are certain points, however, which are especially

sensitive. These are at the exit of the nerve from the pelvis, in the

popliteal space, at the head of the fibula, in the calf, and occasionally

on the back of the foot. The trunk of the nerve is usually exquisitely

sensitive on pressure. This furnishes an important aid to diagnosis.

Thus firm pressure on the nerve trunk where it emerges from the

pelvis, midway between the tuberosity of the ischium and the great

trochanter, seldom fails to make the patient wince and to cause him
to utter an exclamation of pain. The whole trunk of the nerve in its

course down the back of the thigh may likewise be painful on pres-

sure. In the popliteal space both popliteal branches maj' also be

hypersensitive.
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In addition to jmin, other affections of sensation may be present.

The patient may have tingling or burning sensations, especially in

areas where the terminal sensory filaments are distributed. Anaes-

thesia is not common, although it is not unobserved. It usually

re(j[uires careful tests for its determination. With these tests some

areas of distinct anaesthesia, or especially of retardation of sensation,

may be detected below the knee.

As so often happens in inflammation or irritation of nerve trunks,

the motor fibres are not nearly so seriously involved as the sensory.

Distinct paralysis of the muscles supplied by the sciatic nerve is not

usually observed in sciatica. Impaired or inhibited movement due

to pain is not uncommon, but this should not be mistaken for a true

paralysis. In cases of long standing, however, the muscles of the

calf and leg may become somewhat flabby. This is probably as much
from misuse as from any real degenerative action in the muscular

fibres. Reactions of degeneration are not observed, as a rule, in sci-

atica. This is according to my own observations and the reports of

others, but of course I would not deny the possibility of impaired

electrical reaction in cases of far advanced sciatica in which the motor

fibres of the nerves might become impaired. Trophic lesions are not

often seen in sciatica; at least I have not observed them nor seen

reports of them. Gowers says that herpes may occur, but he gives no

instance.

The duration of sciatica varies greatly. It is only too apt to be a

most obstinate affection. Cases extending over two years are not un-

heard of. Relapses may occur, and thus the duration of the case may
be much protracted. In many severe cases, after improvement begins,

there is a long term of mild chronicity. The patient, while relieved

of intense pain and severe paroxysms, is still conscious of more or

less soreness and tenderness in the nerve trunk. While this condi-

tion lasts relapses are to be feared. On the other hand, some mild

cases may last only a few weeks, although in my observation such

mild cases are extremely rare.

The pathology and morbid anatomy of sciatica have been subjects

of much disi)ute. Luria,'"' who has reviewed the history of this

disease from the time of Galen, shows what an obscure idea, or rather

what profound ignorance, has characterized the writings of many
authors on this subject. The oinnion of Galen that sciatica is only

a species of gout and has for its cause a superabundance of some
humor in the blood and articulations, and that this humor distends

the nerve sheaths, thus causing pain, was followed for many cen-

turies by various writers. Yet some of these ideas of the humoral
pathologists are strangely in accord with those towards which modern



SCIATICA. 341

speculation and observation are tending. Thus Cotugno, who accord-

ing to Luria was the first to give a good description of sciatica, wrote

that it was the deposit of a large amount of irritating matter in the

sheaths of the sciatic nerve that occasioned sciatica. This irritating

matter can cause an inflammation of the sheath, and it is in this

way that the most painful forms of sciatica are caused. Descot,""

who wrote in 1825, had distinct ideas on the subject of sciatica.

He wrote that neuralgia, at least in most cases, was only an intermit-

tent or remittent neuritis. Yalleix, however, in 1841, claimed that

anatomical researches had not enlightened us upon the nature of

sciatica, and he concluded that it was demonstrated that sciatic neu-

ralgia, just as other forms of neuralgia, is due to a state of the nerve

which cannot be discovered by the scalpel, and which is only mani-

fested by a "lesion of the functions." This extraordinary opinion

seems to have been followed by many subsequent writers, so that it

has become rather the custom to regard sciatica and neuralgic affec-

tions of other nerves as, in many instances, due to some quite incom-

prehensible alteration of functions without a definite anatomical basis.

Thus Marchesseux in a thesis denied the inflammation of the nerve

in sciatica. Handfield-Jones, in 1864, taught that sciatica, except of

recent rheumatic origin, was not inflammatory, but that it was allied

habitually to a feeble state of health. Thus opinions varied as to

the true underlying process in sciatica. The clinicians, such as

Lasegue, Trousseau, Landouzy, and others, were apparently reluctant

to admit a gross organic lesion as the basis for sciatica. Thus the

disease continued for a long time, especially in France, to be

regarded as a "neurosis," i.e., a disease without a recognized

pathology. The history of the course of opinion upon the sub-

ject of sciatica is given in detail in Luria's thesis.'" In 1878,

however, Furnet'" published the results of his researches upon

sciatica, and expressed his opinion that this disease is due in the

greatest number of cases to a neuritis. He published one of the

earliest reports of an autopsy in sciatica. In this case the patient

had died of acute tuberculosis of extremely rapid course. He had

been suffering with sciatica. At the autopsy there was found an

inflammation of the sciatic nerve. Furnet cites from other observers

proof that the nerve and its popliteal branches were more voluminous

than normal and that the vessels were dilated and distended. Mar-

tinet, quoted by Luria, reported an autopsy in the case of a man who

had suffered with sciatica of the right leg during the last five days

of his life. Sound at its origin, the sciatic nerve became reddened at

its point of emergence from the pelvis, and pus was disseminated be-

tween the nerve fasciculi. In still another case this observer found



342 LLOYD—CEEEBROSPINAL A2^D SYMPATHETIC NEEVES.

the sciatic nerve reddened in color from an extravasation of blood

between its fasciculi. In a man who, after a forced march, was seized

with very severe pains in the posterior part of both thighs along the

course of the sciatic nerves, Martinet found the nerves notably hy-

pertrophied, hard, injected with blood, and presenting an infiltration

of bloody serum between their fasciculi.

Gendrin, also quoted by Luria, observed in many subjects who
had presented during life the symptoms of sciatic neuralgia, a red

or violaceous color and a vascular injection of the sciatic nerve, with

small clots of blood distributed in its interior, and hypertrophy of

the nerve, and its degeneration into a soft or spongy material.

I can add to these records an observation of my own in the Phila-

delphia Hospital. In this case a man, suffering with a severe form

of sciatica, died after a short illness from some intercurrent pulmo-

nary affection. At the autopsy the sciatic nerve was found swollen,

engorged, and distended with a bloody serum, its sheath thickened,

and its fibres macerating, as it were, in the j)roducts of inflammation.

From these observations, which might be supplemented by others

taken from the literature of this affection, there can be no doubt that

sciatica, at least in its severe forms, is only another name for neuri-

tis ; and yet the disease presents some problems from this point of

view that are not altogether simple. For instance, the chief and

often the only symptom in sciatica is due to irritation. This is pain.

Paralysis or abolition of function of either the sensory or motor

neurons is but rarely observed. There may be at times in some
cases, it is true, some areas of anaesthesia, showing that the axis

cylinders of the sensory neurons have lost the power of transmitting

impressions. Paralysis of the motor neurons, however, is not often

if ever observed. The inference to be drawn from these facts seems

to be that some irritant, just as was taught by the old humoral path-

ologists, is circulating within the nerve sheath, and that this irri-

tant, while sufficient to excite an extremely painful reaction in the

sensory neurons, is not in the vast majority of cases sufficiently viru-

lent to destroy the axis cylinder in its continuity or even to vitally

impair its conducting power. This, we know, may occur in some
other nerve trunks as well as in the sciatic. It is not, however, the

rule in any instance in which a high grade of inflammation is present

in a nerve. Thus in the neuritis due to alcohol, while pain is often a

common and early symptom, it is soon associated with loss of mus-
cular poAver and with various degrees of anaesthesia. The explana-

tion of this difference may possibly be found in the fact that in alco-

holic multiple neuritis the seat of inflammation is farther towards the

perii)heral nerve endings ; whereas in sciatica the inflammation is in
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tlie main nerve trunk. In the former case the axis cylinders are

probably more exposed to destructive and degenerative processes for

two reasons: first, because they are not so well protected in the

sheaths of the nerves; and second, because in these situations

they are farther removed from their trophic centres

—

i.e., the cell

bodies of the neurons—either in the anterior cornua of the gray

matter of the spinal cord or in the ganglion on the posterior root.

A third reason may possibly be found in the fact that the capillary

circulation is probably richer and is certainly spread out over a

wider area in the periphery. Thus the delicate terminal arborizations

of the neurons are more exposed to a completely destructive proc-

ess, caused by the circulation of a poison in the blood, than are the

main trunks of the axis cylinders high up within the nerve sheath.

Whatever may be the explanation, the facts are as stated, and we

must conclude that a high degree of inflammation may exist in the

trunk of the sciatic nerve without producing marked symptoms of

pressure upon, and much less of destruction of, the axis cylinders.

The seat of this active inflammation in sciatica is usually in the

main nerve trunk, probably beginning about at the point of its exit

from the pelvis. This was shown in one of Martinet's cases quoted

above. The nerve was sound at its origin, but became inflanied as it

emerged from the pelvic cavity. From this point the inflammation

usually extends downwards, and may extend with diminishing viru-

lence even into the trunks of the two main branches of the nerve in

the popliteal space. This was practically so also in my own case,

above referred to. The appearance of the nerve, as already indi-

cated, is that of a neuritis, not only involving the nerve sheath but

also the interstitial tissue. Extravasation of serum and blood between

the fasciculi has been observed in most reported cases. The nerve

trunk itself is markedly altered in appearance. It is usually swollen,

reddened or purplish in appearance, and in recent cases rather soft

to the touch ; in long-standing cases the nerve sheath may be thick-

ened, and the nerve then gives the impression of increased hardness

to the touch. Gowers claims that the changes chiefly involve the

nerve sheath. If this is so, it is an additional reason for the com-

parative exemption of the motor and sensory neurons from destruc-

tion and even from pressure. From the reports of observed cases,

however, it by no means appears that this is always the case, because

the interstitial tissues seem to be the seat also of the morbid process,

and the extravasation of blood and serum undoubtedly occurs between

the fasciculi of the nerves. Some observers have reported the pres-

ence of pus within the nerve sheath. The minute microscopical

appearances of the nerve fibres have not been reported in most
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observed cases with wliicli I am familiar with sufficient exactness to

admit of conclusions. As said already, however, it seems almost

certain from clinical data that in the vast majority of cases few if any

of the axis cylinders are destroyed. In cases of complete division

of the sciatic nerve, such as have been referred to already in this

paper, the process of degeneration and repair undoubtedly proceed

just as has been described in the section on the general pathology of

nerves (see page 42). Park's case,'"" in which complete rupture of

the sciatic nerve was followed, after suturing the nerve ends, by com-

plete restoration of motor and sensory functions within two weeks,

must be accejjted with great reservation. We know already from

Stroebe's researches that the process of regeneration in divided nerves

is extremely slow. It is inconceivable that the divided axis cylinders

can reunite so promptly and so accurately, each end to its appropri-

ate fragment in the distal portion of the divided nerve, that complete

restoration can occur in such an incredibly short space of time as two

weeks.

The diagnosis of sciatica is, as a rule, not difficult. The peculiar

onset of the disease ; the characteristic pain along the course of the

nerve ; the sensitiveness on pressure of the nerve trunk ; the usual ex-

emption from paralysis of the motor and sensory fibres—all indicate

very clearly the nature of the affection. There are some affections,

however, that maj^ very readily be mistaken for sciatica. The chief

of these are various organic lesions within the pelvis. These have

already been clearly indicated in the section on diseases of the sacral

plexus. To recapitulate very briefly, I may mention especially

abscesses within the pelvis, diseases of the uterus and its appen-

dages, large fiscal accumulations, and malignant growths of the rec-

tum. Atecess within the pehds, especially when pointing at the

great sacrosciatic foramen, has simulated the pain of sciatica. In

such a case thorough exploration of the pelvis, and especially the de-

tection of diseased bone, either of the vertebral column or of the

pelvis, and a study of the temperature range, will usually determine

the true nature of the disease. Inflammatory affections of the uterus

and of the i)eriuterine connective tissue, especially following the puer-

perium, can usually be determined by the history of the case and by a
thorough exploration of the pelvis. In my own case of small ovarian

cyst causing pressure on the sacral nerves, an examination per vaginam
at once cleared up the diagnosis. In such cases the pain is usually
not limited to the course of the sciatic nerve, but radiates about the

groin and buttock and even towards the hip.' Disease of the rec-

tum can be determined, of course, only by a careful exploration of the

part. Obscure cases with sciatic symptoms, especially in women,
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are never properly studied without a pelvic, and in particular a

rectal, examination. This point cannot be too strongly emphasized.

Hip-joint disease or rheumatism about the coxic articulation would
not likely be mistaken for sciatica. An examination of this joint

by the methods well recognized by orthopedists should establish the

diagnosis. Appendicitis may cause obscure symptoms, especially

pain deep in the pelvis, but this pain does not, as a rule, follow the

course of the sciatic nerve. Exact physical exploration in these

cases seldom fails to determine induration and sensitiveness in the

region of the appendix.

The treatment of sciatica requires, as a rule, great patience, tact,

and discrimination. This disease has baffled the skill of therapeu-

tists for many generations, and the history of its treatment is one of

the most interesting in clinical medicine. It has always been a dis-

ease which has invited and received heroic treatment, and some of

this treatment has stood the test literally of ages. Although founded

upon empiricism and a complete ignorance of the true pathology of

the disease, much of the old-time treatment for sciatica was admirably

adapted to the exigencies of such a deep-seated organic affection. It

cannot be said, indeed, that in modern times we have advanced very

far beyond the older therapeutists, and it is even possible that we
may never be able to advance beyond some of the wise and efficient

plans of treatment which they advocated. As, however, all rational

or scientific therapeutics is founded upon an accurate knowledge of

the conditions to be treated

—

i.e., the pathology of the affection—it

may be that, when we come to recognize more fully the inflamma-

tory nature of sciatica, we may treat it more radically by surgical

procedures.

It must be said, in the beginning of a discussion of this subject,

that there is no panacea for sciatica or no one plan of treatment that

is adapted to all cases. I shall attempt to give some of the results of

my own observations, as well as to review briefly the subject from

the standpoint of the accumulated experiences of others.

Among the methods historically noteworthy, acupuncture may
take the first place. This plan of treatment is very ancient, and,

according to common report, has been used by the Chinese for sciatica

from time immemorial. They employed for this practice very fine

gold or silver needles, made with a small handle so as to be able to

impart to the instrument a rotary movement. According to Luria,

the method of the Chinese is to sink the needle almost up to the seat

of pain, observing care not to prick the nerve itself. This, however,

is not the idea which I have always entertained of the Chinese method
of acupuncture. I have supposed that the object of this method was
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to penetrate tlie nerve slieatli, and I lia.ve supposed that its efficacy

dei^ended upon the fact that, although the punctures must be very

minute, they still were efficacious for draining away some of the fluid

products of inflammation. Cloquet presented to the French Academy
of Sciences, in 1824, a memoir of the results obtained by him in a

great number of patients. His conclusions, quoted by Luria, are as

follows : First, that acupuncture acts generally upon the pains, what-

ever may be their underlying causes; second, that some of these

pains disappear never to return; others reappear after a variable

time, but always more feeble; and finallj^ some of the pains are not

modified. Cloquet speaks as though the beneficial effects may be

due to an inflammation excited by the needle. This observer cites

cases cured promj)tly by this means. He possibly overestimated the

value of the treatment. In one case of my own, a kind of acupuncture

was inadvertently practised by the use of the hypodermic needle.

The patient, a lieutenant of police, had suffered for many months with

the worst form of sciatica. The pain on pressure was greatest at the

point of exit of the nerve from the pelvis. A syringe was used a few

times in succession for the purpose of injecting morphine deeply in

the neighborhood of the nerve trunk. It is even possible that one of

these injections may have been made directly into the sheath of the

nerve. Unfortunately, owing to some laxity in aseptic precautions,

these injections caused abscesses deep in the buttock. These

abscesses required to be freely excised and continued to discharge

I)us for at least two weeks. The therapeutic effect of this accident

was on the whole beneficial. The pain was assuaged, and never

again returned in its former severity. A cure, however, was not

effected. The patient continued to suffer for many months subse-

quently with a chronic, although a milder, type of the disease. It is

needless to say that, while this x>lan of treatment is not recommended,

it probably illustrates, by an extreme example, the method of action,

to a certain extent, of acupuncture. In case acupuncture is used,

very fine needles arc to be preferred, and they should be used with

every aseptic precaution. They need not be of either silver or gold.

The emphasis which has been put upon this subject by some writers

leads one to suspect that probably a mental impression has been

sought and obfciined in many of these cases, and that after all we have
here a form of suggestive therapeutics. Certainly there is no reason

why a clean steel needle should not lie as good as one of silver or

gold.

According to Luria, Cotugno or Cotunnius, whose treatise on
sciatica ai)peared in 1770, instituted the treatment of sciatica with

blisters. This observer taught that the blisters should not be
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applied indifferently along the whole extent of the nerve, but upon
the part of the nerve x^laced most superficially ; consequently he cau-

tioned against the application of a blister, so commonly made, over the

nerve where it issues from the pelvis, since it is here placed deeply

beneath the gluteus and other muscles and tissues. He advised the

application of the blister by i)reference over the trunk of the external

popliteal branch of the sciatic nerve at the superior and external

aspect of the leg. From my own observations, the action of blisters

in sciatica is often neither prompt nor efiicacious. The suggestion of

Cotunnius, however, that the blister be placed at the most superficial

point of the nerve, or rather of one of its main branches, is one that is

not unworthy of consideration. It may be, as this author suggests,

that the reason for the frequent failure of this plan of treatment is be-

cause the blister is nearly always ai)plied over the point of exit of the

nerve from the pelvis. In most persons, and especially in those who
are at all corpulent, the skin and fat and connective tissue over this por-

tion of the nerve are very thick and dense, and must as a consequence

offer much resistance to the proper action of a blister upon the

inflamed nerve. Although the seat of most active inflammation is

probably above and remote from the external popliteal or peroneal

nerve, yet the trunk of this nerve approaches so closely to the surface

that the benefit derived would probably be greater than it would be

in case the blister were placed over the seat of greatest irritation.

When a blister is used the effect should be long maintained—that is,

it should be kept as an open, running sore. Probably one reason for

the failure of this treatment is that too much is expected from one

application. The blister is allowed to heal up too promptly ; disap-

pointment results, and the treatment is abandoned. To maintain this

treatment properly, it is usually necessary to apply a blister every

few days. By this means an open or suppurating sore is secured,

which keeps up a constant action, not unlike that which results from

a superficial burn. This plan of treatment by successive blisters was
insisted on by some of the older observers, especially in France.

The treatment is probably best adapted to mild cases, and especially

in the early stages. In chronic cases I have not tried it, but I sus-

pect that it would not act so efficaciously as the hot iron, which will

be referred to presently. Among the curiosities of medicine may be

mentioned here the cauterization of the end of the ear of the affected

side with the hot iron; also the catheterization of the Eustachian

canal, both recommended in olden times for sciatica.

The treatment of sciatica with various caustics is also verj^ ancient.

It is mentioned by Sanctorius, according to Luria, and also by

Eiverius, who conceived the fanciful idea that as sciatica was produced
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by a catarrh descending from tlie brain, tlie caustic should be applied

to the occiput! The treatment by caustics was especially recom-

mended hj Trousseau. Various agents were used but these need not

be enumerated. The mode of action of caustics is evidently the same

as that of continued vesication or of the hot iron. Sulphuric acid is

especially mentioned by the older observers.

The treatment of sciatica with the hot iron is said to have been

employed by Albucasis in 1106. He made three lines with the hot

iron along the course of the nerve at a distance from each other of

about the thickness of the finger. Jobert, speaking of this treat-

ment, claims that it allaj^s the pain, but he seems to incline to the

belief that it is necessary to make a deep impression, because if

applied lightly it does not give the same results. He suggests that

the iron should be very hot, a recommendation which is in accord

with that of contemporary observers. Luria inclines to the belief

that the hot iron is not a sovereign remedy. My own observation of

this treatment has led me to believe very firmly in its efficacy. In

one very severe case of sciatica which had lasted for nearly two years

and had proved most rebellious to all forms of treatment, I saw the

use of the hot iron effect a radical cure. In this case it was applied

in four places along the course of the nerve by a Paquelin cautery

raised to a white heat. Each spot burned was slightly more than

one inch in diameter and was immediately treated before the pa-

tient recovered from the ansesthetic with an application of pure

carbolic acid. This treatment made sores which were a long time in

healing. Sloughs separated and open running sores were thua.

maintained for several weeks. This heroic application of the hot

iron, however, is not always required and is not in accord with the

recommendation of all neurologists. Thus Weir Mitchell recom-

mends a series of very light touches of the actual cautery, raised to a

white heat, along the course of the nerve. By this method little more

than the epithelium of the skin is destroj^ed and the resulting sore

heals i^romptly and leaves little, if anj^ scar. In one case in a

woman I recently had the most gratifying results from this slight

ai)plicatiou of the actual cautery. The case, however, was not so

severe and chronic as the one referred to above. While I believe, in

the main, that a light touch of the iron is all that is required in many
cases, yet it is possible that in very chronic cases a deeper impres-

sion is beneficial. A good plan is to make a series of light impres-

sions at first. If these are not efficacious in the course of a few

weeks, a second and deeper application of the iron should be made.

This treatment, in ray observation, seldom fails to have a prompt

palliative action upon the pain. It will not, however, always cure.
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In one case in which three rather deep, sloughing sores were pro-

duced, the patient, although relieved for a time, gradually experi-

enced a return of all his former symi)toms, but in a milder form.

The degree of heat to be employed in these cases is not a matter of in-

difference. The best result is obtained when the iron is raised to a

bright cherry red or even white heat. As the skin rapidly abstracts

the heat, this result cannot be well obtained by an iron or a glass rod

heated in a flame. The Paquelin cautery, which admits of a more
or less constant maintenance of a white heat, is by far the best instru-

ment to use. Even with this cautery, however, the abstraction of heat

is rapid and the point is very likely to be reduced to a dull red. It

is therefore better to make repeated touches. Thus as soon as the

degree of the heat falls upon application to the skin, the point of the

cautery should be momentarily lifted and allowed to resume its full

glow. Thompson recommends the use of a glass rod. This can be

heated to a white heat very rapidly in the flame of a spirit lamp,

held very close to the patient's skin. Thus instantaneous and repeated

applications are made before the degree of heat is materially lessened.

When the Paquelin cautery cannot be secured this use of the glass rod

is probably preferable to the use of the iron.

The reputation of electricity in the treatment of sciatica, as in that

of many other diseases, has been subject to singular fluctuations. It

has enjoyed in the past a much greater reputation than it maintains

at present. It is an old method of treatment, according to Luria,

having been recommended by Cotunnius in his monograph on sciatica

more than a century ago. Later, the illustrious Duchenne was a

firm advocate of this treatment. He claimed that faradization of the

skin can cure sciatica and gave details of its methods of application.

The popularity of the two currents has varied according to individal

observers. Althaus, following Duchenne, claimed that faradism

could cure sciatica. Berger, quoted by Luria, made the astonishing

claim, in 1872, that he had obtained good effects in at least seventy-

three cases of sciatica, all of which had been unsuccessfully treated

by other methods, including the constant current. On the other

hand, Renault, Gibney, and De Watteville recommend the use of the

constant current. In my experience electricity by either current has

proved of very little value in sciatica. The depth at which the nerve

trunk is placed beneath the skin and connective tissue and fat on the

back of the thigh, in many patients, renders it doubtful if much of

the current as it is ordinarily applied reaches the nerve. The choice

of currents is not a matter of indifference. The constant current

should be employed, especially if the symptoms are acute. The

method of applying the current should be as follows : A flat sponge
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electrode is held firmlj^ over the sacrum or over the buttock of the

affected side. A smaller sponge electrode is then used to make firm

and deep, but not too painful, pressure over the more accessible por-

tions of the nerve. Probably the best effect is obtained and more of

the current caused to flow through the nerve by holding this sponge

deeply in the popliteal space with the leg slightly flexed at the knee.

The current strength should be regulated somewhat according to the

tolerance of the patient. In acute cases in which the pain is very

severe it will usually be found that the patient cannot endure a strong

current. It is impossible to prescribe the current strength according

to the number of cells emi:)loyed. These vary in their electromotor

force and the resistance of the skin and other tissues varies in differ-

ent people. If pain is much intensified during the application of the

current, it will be better to desist. The positive pole, as being

theoretically the sedative pole, should be the one employed upon the

nerve trunk. Sudden shocks, as by making and breaking the cur-

rent while the sponges are applied to the skin, should be avoided.

If the faradic current is employed, the method may vary slightly

from that just given. The two sponges may be of equal size and they

may be applied by lightly stroking the skin on the back of the thigh

and over the muscles of the leg. By this means the muscles may be

made to react gently. But violent muscular contractions with a

strong current should be avoided. De Watteville'" recommends

electropuncture of the nerve, but only by an expert operator familiar

with the electrolytic effects of the current. This seems to be a

modification of the time-honored acupuncture, but it is a method with

which I am not familiar. This authority also speaks of galvaniza-

tion of the nerve by means of a rectal electrode. By this means the

current could undoubtedly be brought into closer contact with the

affected nerve than through the skin. The best time to apply elec-

tricity in sciatica is probably towards the end of the attack. At this

time some of the chronic symptoms, as persistent soreness of the

nerve and some flabbiness of the muscles, are likely to be present.

These seem to be benefited, in some cases, by the use of one or the

other current. The muscular nutrition is probably best restored by

the faradic current.

Hydrotherapy has been much i^raised, especially in France and

Germany, for the treatment of sciatica. In this country, unfortu-

nately, this method is too little employed, not only in this but in

many other diseases. The fact that extravagant and incredible claims

have been made for it should not close the eyes of ,American prac-

titioners to its importance. Lagrelette'" confidently claimed that

he had found in hydrotherapy a method of sure cure for sciatica.
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The method adopted abroad is to subject the patient to the i)ack,

which causes' coj^ious sweating. This secures, according to Fleury,

an energetic revulsion upon a very large surface of the skin. What-
ever the theory, the method is undoubtedly a valuable one. In one

case I knew an active daily treatment by the ordinary Russian bath

to be followed by the most beneficial effects. In this case the

patient, who was almost incapacitated for walking, was taken to the

establishment and lived there for a month. The difficulty in secur-

ing this treatment arises in many cases from its inconvenience and
expense. The Turkish bath cannot be obtained outside of our large

cities and towns. Many of our hospitals, unhappily, have not the

facilities for a proper use of the bath. Still, cold showers and copious

sweating with a warm pack can be obtained even under ordinary cir-

cumstances. In some cases, if it is not practicable or desirable to

give the patient full bathing, a local application of alternate hot and
cold water can be made to the limb. The leg, for instance, can be

swathed in flannels wrung out of water and thus a local and copious

sweating can be procured. While this treatment is often beneficial,

it is not to be compared in efficacy with the more thorough general

treatment by baths. For patients whose means will admit, a sojourn

in some special bathing establishment may be tried. Warm salt-

water baths, as now obtained at many seaside resorts, might also be

tried in obstinate cases of sciatica. Whatever plan of hydrotherapy

is adopted it should have always one object, i.e., the active revulsive

effect referred to long ago by Fleury, and which is obtained by
copious sweating. Finally, a caution should be uttered against

building too high hopes upon this as upon any other treatment.

Cases occur that will not yield promptly to hydrotherapy, or occa-

sionally will not even be benefited by it.

A special method of treatment for sciatica, formerly much recom-

mended by some, was with hypodermic injections of nitrate of silver.

Luria devoted his thesis, already quoted, to a complete presentation

of this subject. According to him, Luton of Eheims was the first to

employ this method. Other substances, especiallj^ chloride of

sodium, have been used, but the nitrate of silver has been the agent

most employed. The idea seems to have been to substitute an in-

flammatory local action in the nature of a phlegmon in the neighbor-

hood of the nerve trunk. The originator sought to obtain a focus of

suppuration, which he evidently believed acted as a revulsive upon

the inflamed nerve. Nitrate of silver, according to Luria, has the

advantage of being energetic and of determining a phlegmonous

inflammation of such a kind that the process is confined within a

limited region, and hence is better under control. Moreover, its
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action is not temporary, as is that of ordinary acupuncture, since

the inflammation provoked by the injection persists and causes a

profound local irritation of long duration. The phlegmon may ter-

minate either by resolution or by suppuration. This injection of

nitrate of silver is painful, but it is not unendurable. It is, moreover,

less than the pain of the sciatica which it is said to relieve. Luton

employed a solution apparently of about ten per cent, in a dose of

ten, twenty, or thirty drops. He made the injections at the painful

points, beginning at the higher level of the limb. He directed that

they should be made deep in the tissue. Successive injections are

made with gradually decreasing strength of solution further down the

course of the nerve. Luria concludes that the injections of nitrate of

silver can be employed with success for all forms of sciatica, but that

they are especially successful in cases in which there is an active

neuritis. No grave complications had ever resulted from these injec-

tions, as was proved in numerous observations. The superiority of

this mode of treatment is due to the fact that the irritating solution

is carried into the tissues in the neighborhood of the diseased nerve.

Nerve stretching has been recommended, and was at one time used

quite extensively in the treatment of sciatica. The operation was

first j)erformed by Billroth, in 1869. At one time quite popular, it

has now fallen rather into disrepute. Chauvel '" has defined this

operation as one in which a nerve trunk is elevated upon a blunt in-

strument in such a manner as to obtain a real increase in its length.

This increase or elongation of the nerve trunk is the object and the

essential i)oint of the operation. Some minor procedures, such as

pulling and pressing the nerve between the fingers, crushing the

nerve between the jaws of a pair of pincers, or sometimes a simple

degagement of the nerve, are sometimes included under the one term

;

but as they essentially differ, both in their processes and results,

they should be distinguished. One method recommended by some,

is the subcutaneous elongation of the sciatic nerve. It is claimed

that forced flexion of the thigh upon the jielvis causes an elongation

of the sciatic nerve greater than that which can be obtained by a force

applied directly to the nerve itself. In the operation for nerve-stretch-

ing the nerve is uncovered by apjoropriate incisions parallel to the

course of its trunk. In case of the sciatic nerve the middle region of

the thigh is preferred, because the nerve here lies more superficially

than it does between the tuberosity of the ischium and the trochanter.

The nerve is lifted from its bed by a blunt instrument and stretched.

The amount of force to be applied to the nerve was formerly a subject

of some discussion. From observations made upon the cadaver it

seems that the sciatic nerve can resist greater force than can the other
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nerve trunks. This is easily explained by its greater size. Syming-

ton noted that under a traction of one hundred and thirty pounds

the nerve was ruptured six times at the point of application of the force

and eight times it separated at its root. The nerve has less resisting

power, according to Gillette, in old and cachectic individuals than in

vigorous adults. Gillette, noting these various facts, constructed an

instrument for the purpose of measuring the force applied to the nerve

trunk for therapeutic purposes. This instrument he called an " elonga-

tor. " The amount of force to be applied to the sciatic nerve should not

exceed twenty kilograms. The operation of nerve stretching, while

apparently simple and harmless, has been attended in a few instances

with disastrous results. Thus Gartner, in 1872, cxuoted by Chauvel,

reported a case of a woman aged thirty-eight years who had violent

neuralgic pains along the course of the nerves in the right arm. The
nerve trunks in the brachial plexus were exposed below the clavicle

and stretched. Some of these nerve trunks were noted to be visibly

affected. On return to consciousness the patient found that the pain

had disappeared and did not reappear. This patient died on the

fifteenth day from hemorrhage from the jugular vein and by entrance

of air into the vein. The surgeon claimed that this vein had not

been wounded during the operation, but it seems incredible that the

patient should have bled to death from it if it were not injured.

Nussbaum encountered great danger from ulceration of the popliteal

artery in a case in which he had stretched the sciatic nerve. The
method of action of nerve stretching is not altogether clear. Much
speculation has been wasted upon it. It seems, according to re-

searches of Valentine, Marcliand, and others, that there are distinct

organic lesions caused by nerve stretching. Among these lesions

were noted hypersemia, capillary hemorrhages, and rupture of the

axis cylinders; but, according to some, the sheath of Schwann re-

mains intact. In cases in which permanent injury results, the nerve

is contracted and presents a large number of degenerated fibres. The
immediate results of nerve stretching, it is claimed, are temporary

anaesthesia without motor disorder, in cases in which moderate force

has been used. A more prolonged or even persistent angesthesia,

with paralysis of motion, and trophic lesions, occurs when great force

is used. From these facts it seems that nerve stretching, by inter-

rupting the continuity of the nerve fibres, causes paralysis of sensa-

tion, and hence acts to relieve pain. It is probable also that it may
have an alterative effect on the inflammatory process, checking this

and promoting absorption. Chauvel concludes that in cases of

sciatica, if cure results, this occurs only a long time after the opera-

tion. As already said, this operation is no longer held in high
Vol. XI.—23
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favor. It by no means insures a cure and it is not free from dangers,

among tlie greatest of which are rupture of the nerve, rupture of a

contiguous artery or vein, and permanent paralysis and anaesthesia

of the limb.

In recent years S. Weir Mitchell"' has recommended absolute

rest of the affected leg. He secures this by not only putting the

patient to bed but by extending the leg upon a long splint. This

treatment is persevered with until the tenderness of the nerve has sub-

sided. The time will, of course, vary in different cases. This is a

rational treatment. The complete immobility of the inflamed nerve

no doubt tends both to subdue the activity of the inflammation and

also to i)romote the absorption of the products of inflammation with

which the nerve sheath is distended. This treatment, of course, can

be combined with other treatment, as, for instance, counter-irritation

with the hot iron and appropriate medication and feeding. The

patient thus secures the benefit of a systematic rest cure, and as

many of these patients are not a little neurasthenic and broken down
from the effects of long suffering and discouragement, this rest-cure

is highly beneficial.

Mitchell lays great stress on the importance of bandaging the

leg with flannel bandages in combination with the treatment on a

splint. The bandage no doubt acts not only by putting the muscles

perfectly at rest and thus relieving all muscular tension and involun-

tary movements which the patient may make, but also by preventing

the transmission through the nerve trunk of all motor imx)ulses. Any
one who has seen the extreme sensitiveness of a patient with sci-

atica, not only to slight movement, but even to the slightest tactile

impression upon the skin, will realize that the perfect rest and se-

curity obtained by a well-adjusted flannel bandage must be both

comforting and beneficial. The bandage may be applied daily, and

should, of course, be kept on all night, a precaution which is not al-

ways necessary in the case of the splint. An additional advantage,

which the bandage secures, is maintenance of the circulation and

warmth of the limb, and the promotion, possibly, of a slight but con-

stant persi)iration.

Mitchell also recommends very highly the application of cold in

sciatica. This is done by means of an ice bag. The best form is the

long spinal rubber ice bag. This may be filled with cracked ice,

wrai)i)ed in a few layers of flannel, and kept constantly applied along

the posterior aspect c)f the thigh. If it is apjolied, however, on the

outer side with a roller bandage, it is not necessary to envelop it.

Mitchell lias obtained from this treatment with the splint, bandaging,

and the application of cold the most satisfactory results.
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Tlie treatment of sciatica with drugs furnishes a long chaj^ter in

its history. Every known alterative and sedative drug has been used

in the usually hopeless effort to combat this jjainful and obstinate

affection. It cannot be said, however, that any known medicine has

stood the test of experience. Sciatica is unusually rebellious to

treatment by medicinal agents. The various alterative and constitu-

tional remedies have been used ad libitum. In rheumatic and gouty

cases the salicylates, iodide of potassium, the various salts of lithium,

colchicum, and arsenic have all had extended trial. I have never Ijeen

able to assure myself that they were beneficial. In cases of a distinct

rheumatic history I might j)erhaps have some confidence in the

salicylate of sodium, but this drug should always be combined with

treatment by rest and some form of counter-irritation, preferably light

touches with the hot iron. The preparations of lithium and colchi-

cum are apparently of little value in any form of sciatica.

In cases of sciatica in which a malarial origin is suspected, the

patient should, of course, have any advantages that may come from

an antimalarial treatment. Many good authorities hold to the belief

that sciatica is occasionally caused by the malarial poison. The
practitioner, in fact, should not close his eyes to the fact that sciatica

is probably a disease with many causative factors. Malaria, rheu-

matism, gout, and syphilis, and, in fact, any form of dyscrasia that

depletes the blood, may lay the foundation for an attack of this

disease, following slight injury which would not have affected a

healthy nerve. Hence anaemic states, following profuse hemorrhages

or infectious diseases, may have a direct causative influence. In

cases in which a distinct malarial poisoning can be traced, the patient

should be treated with large doses of quinine, combined with iron

and arsenic.

The influence of syphilis in causing sciatica has already been

indicated in this paper. This possible cause should be searched for

with the utmost care in every obscure case presenting sciatic pains.

In case it can be determined that the patient has had a primarj^ sore

or any secondary lesions of syphilis, he should have the benefit

of a thorough antisyphilitic course. I have already indicated my
preference for hypodermic injections of mercury in all early cases

of nerve syphilis. When it is considered that the lesion of syphi-

lis in the sciatic nerve may consist of gummatous infiltration within

the nerve sheath, the reasons and the need for heroic treatment

do not require to be urged. Injections of mercuric chloride, in

doses of one-eighth to one-twelfth of a grain, may be repeated daily

or every other day over a period of several weeks. Great care should

be observed that these injections are aseptic, and salivation, if pos-
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sible, sliould be avoided. In case no good results are obtained after

two or three weeks of tliis treatment it may as well be stopped. It

may be combined with large doses internally of iodide of potassium.

While I have had no direct experience with sciatica of syphilitic

origin, yet I believe that the possibility of this factor as a cause

should never be ignored; and in case it can be determined to be

present, the treatment herein indicated is urgently demanded.

The use of sedative drugs will always be demanded sooner or later

in cases of severe sciatica. The precautions already urged in this

paper, relative to the use of all such drugs, cannot be too emphatically

repeated in this connection. The risk is not small that the patient

will become dependent upon them, and will suffer correspondingly in

his general nutrition and morale, if they are given with too free a hand.

If the patient is treated with absolute rest, with his leg enveloped in

a bandage and fastened on a splint, with the application of cold, or,

in more severe cases, with light touches of the actual cautery, the

need for anodyne drugs will usually be reduced to a minimum. At

most it will only be necessary, as a rule, to give a few hypodermic

injections of morphine. If this drug is used, it is better to give one

full dose at bedtime with the object of securing a good night. These

injections may be continued, according to the requirements of the

case, for a few nights ; but if the patient is thoroughly under control

with the rest treatment here indicated, it will generally be found that

the morphine may be discontinued in a comparatively short time. Of

other sedative drugs the most efficient are antipyrin, antifebrin,

antikamnia, and phenacetin. These may be given in doses of from

ten to fifteen grains two or three times a day. If, after a trial of some

days, they are found, as not unusually happens, to have little con-

trolling effect upon the pain, they should be discontinued. Their

routine use is too apt to become a habit with the practitioner, and

as they have a more or less depleting action upon the blood, they

should be used only for a definite object, and if that is not soon

attained, they should be discontinued. Thompson'" believed that

atropine, conium, and ergotin may be of great service as adjuvants,

but he discourages a main reliance upon them. Recently Mikhal-

kine'" has recommended nitroglycerin in the treatment of sciatica

when the usual remedies fail. It is given in the following mixture

:

Alcoholic solution of trinitrin (one per cent.), 80 gm. ; tincture of cap-

sicum, 120 gm.
;
peppermint water, 240 gm. ; five or ten drops to be

taken three times a day. Hunsberger"" has recommended stroogly

aconitine for sciatica. As, however, he is obliged to give the drug for

two months liis results are not brilliant. Cocaine is undoubtedly an

efficient anodyne in all forms of neuralgia, and acts satisfactorily in
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sciatica. It should be injected deeply into tlie seat of greatest pain.

As the danger of the cocaine habit, however, is always great from

the therapeutic use of this drug, it should be used with the utmost

caution and reserve by the practitioner.

Negro'" has reported a series of cases of rebellious sciatica, treated

by compression, all of which he claims ended in recovery. The pro-

cedure is as follows : The patient is placed on his face with his legs

extended. Both thumbs are applied on the trunk of the nerve at its

point of exit from the pelvis, and it is compressed with the greatest

possible force. At the same time slight lateral movements are made
upon the nerve trunk. This is done for fifteen or twenty seconds, and
after an interval of twenty minutes' rest the procedure is repeated.

Negro claims that the second application is much less painful than

the first, and that after it the patient is able to walk, and that he may
be free from pain for several hours or even a day. To effect a cure

this procedure should be practised about six times a day every two

days until recovery is obtained. His claim that he has thus cured one

hundred and thirteen cases of " rebellious" sciatica is an extraordinary

one, and should be received with caution. The compression acts in

a manner somewhat similar to that of nerve stretching.

Finally a word must be said about the general nutrition and care

of these patients. In some cases of sciatica the patients are robust

and full-blooded and do not seem to require an extra full diet. The
practitioner should not be deceived, however, by these appearances,

especially if the individual be a man or woman who has been accus-

tomed to high living with over-indulgence in alcohol. Such patients

usually require a well-selected sustaining diet, but it should be simple

and not disposed to aggravate a gouty diathesis. Not too much meat
but light custards, milk, fish, and poultry, and a rather liberal vege-

table dietary are indicated. In persons who are anaemic a full diet

of easily digested food should be provided. Such patients often will

not consume of their own accord as large an amount of nutritious

food as they require, and their eating should in a sense be di-

rected and even forced. With the treatment by rest, bandaging,

and a splint, it is easy to control the patient's diet; and this is

an additional advantage of this method of treatment, I think special

attention to this subject of diet and nutrition is of great importance,

particularly in cases of chronic sciatica. These patients are often

broken down with pain, anxiety, and disappointment, and their cases

become complicated with distinct neurasthenic symptoms. They con-

sequently are benefited by rest, by forced feeding, and in some cases

by removal from the domestic environment. I have known some of

these patients to be at once benefited by removal from home to a
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good hospital, where they could be kept thoroughly under control and

systematically watched and treated.

The use of alcoholic stimulants in sciatica is, as a rule, not indi-

cated. Old or broken-down subjects are, however, sometimes bene-

fited by light wines or even a little whiskey.

Great care should be exercised in getting the patient up and about

after treatment in bed for sciatica. If too much liberty is allowed at

the beginning, there may be relapses with all their attendant dis-

couragement and demoralization. It is best to allow the patient at

first only to sit up in the chair for an hour or two in a day. If the

improvement continues he may be permitted to walk a little about his

room, care being taken to note the degree of pain, if any, that accom-

panies or follows the exercise. Slight soreness of the nerve trunk

and a sense of stiffness of the muscles may persist even in favorable

cases for quite a long time, and, while suggesting the necessitj^ for

caution, should not cause either the patient or the physician too

much disappointment and anxiety. Even after the patient has

apparently entirely recovered his health, he should live for months

with a view to the possibility of a recurring attack. Consequently

he should avoid all excesses and exposure in living and in labor. As

a rule, even in very severe cases of sciatica I have not noted a ten-

dency to recurrence after an interval of complete freedom of a year

or two has passed by. In other words, recoveries from this disease

are often both complete and satisfactory.

A word may be said here about the advisability of radical surgical

treatment for sciatica. By this I mean cutting down upon the nerve

and incising its sheath longitudinally for the purpose of securing

drainage. In the case already referred to in this paper, in which I

had an opportunity to make an autopsy in a patient who had been

suffering with a high grade of sciatic neuritis, I was much impressed

with the fact that only some radical treatment, like incision of the

nerve sheath, would have been able to afford satisfactory and

prompt relief. In this case the tough, unyielding fibrous sheath of

the nerve contained lymph, blood, and serum, as the results of an

acute inflammatory process. Pus even has been described by some

observers as present in the nerve sheath. When such conditions

exist in other regions of the body, the only rational treatment is

deemed to be evacuation of these products. I do not know why a

similar rule does not apply to the large sciatic nerve. Still, I have

had no opportunity to test such treatment, and, therefore, I cannot

with certainty recommend it. I should, hoAvever, in another similar

case under my care certainly take the subject into consideration in

consultation with a competent surgeon.
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Diseases of the Peroneal Nerve.

The peroneal nerve is tlie continuation of the external popliteal

nerve, which is one of the two main terminal branches of the great

sciatic. It is a large nerve, but is nevertheless only about one-half

the size of the internal popliteal. In passing into the leg from the

popliteal space it lies behind the head of the fibula, where it can

readily be felt. It divides into two terminal branches, the anterior

tibial and the musculocutaneous nerve. Before its division, how-
ever, it supplies articular branches to the knee-joint and cutaneous

branches to the skin on the back and outer side of the leg as far as

its middle third. One branch occasionally extends as far as the heel

(Gray). The anterior tibial nerve supplies the tibialis anticus,

extensor longus digitorum, extensor proprius hallicis, and extensor

brevis digitorum, and sends sensory filaments to the adjacent sides of

the great and second toe. The musculocutaneous branch of the

peroneal nerve supplies the peroneus longus and peroneus brevis

muscles, and sends sensory fibres to the lower part of the leg, the

inner and the outer side of the ankle and foot, the inner side of the

great toe, and the adjoining sides of the second, third, fourth, and
fifth toes.

Obstructive lesions of the peroneal nerve cause paralysis of the

muscles just enumerated. There is consequently a loss of power of

extension of the foot upon the leg (dorsiflexion) and of extension of the

first phalanges of the toe. These phalanges are consequently flexed

by contracture of the interossei. There is foot drop in walking, and
a condition of talipes equinus from paralysis of the tibialis anticus

and contracture of the unopposed sural muscles. The area of anaes-

thesia is confined largely to the outer side of the lower leg and ankle,

to the outer side of the dorsum of the foot, and to the toes ; but it

varies considerably in different cases.

The peroneal nerve is not often paralyzed alone. Because of its

exposed position at the head of the fibula, it is readily conceivable

that the nerve might be injured by blows, wounds, or pressure.

Practically, however, such cases must be extremely rare. I have

never met with an instance of such an injury, nor seen a report of such

a case. The nerve itself is not usually subject to the injurious effects

of cold, such as is seen in the facial nerve. While thus exempt, how-

ever, from some accidents, it is rather unusually prone to be involved

in some disease processes. Thus in the neuritis which sometimes

follows typhoid fever the peroneal, as well as the ulnar nerve, is

very likely to be involved. Sir James Paget,"' in 1876, called atten-
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tiou to this tjpe of paralysis following typhoid fever. Tooth "' and

Charcot and Marie"" described a somewhat similar type of muscular

atrophy in which talipes equinovarus occurred. Ormerod'" re-

ported three cases of this type of muscular atrophy in one family,

following measles. The affection invariably began in the legs below

the knees ; then after some months, or even years, involved the hands

and forearms, and always affected the distal more than the proximal

portions of the limb. Trophic lesions resembling chilblains were

observed. Electrotonus was abolished below the knees, and partial

reaction of degeneration was seen elsewhere. The knee jerks were

not abolished. Koss'"' believes that the typhoid poison shows a

special predilection for the peroneal and anterior tibial nerves.

Autopsies made by Yirchow, Oppenheimer, Friedreich, and others

have disclosed in cases of this peroneal type an interstitial neuritis.

I have reported a case''^ in which the symptoms of peripheral

neuritis, well marked in the peroneal muscles, although not confined

to them, followed a prolonged attack of typhoid fever. This peroneal

type of muscular atrophy has been ascribed usually to a peripheral

neuritis. There are some difficulties, however, in the way of accept-

ing this view. In some cases the presence of fibrillation, the absence

of anaesthesia, the preservation of the tendon reflexes, and the partial

character of the electrical changes, are not altogether in favor of the

view that the peripheral nerves are always or alone in fault. Still,

the result of autopsies has proved undoubtedly that, in some of these

cases at least, the lesion is a neuritis, especially well marked in the

peroneal nerve, but not confined to it, as the ulnar and some other

nerves are equally involved.

Inflammation of the peroneal nerve causes flaccid paralysis with

degeneration in the affected muscles. The reactions of degeneration,

as a rale, are promptly established.

The treatment is in accord with that already outlined in other

portions of this paper for peripheral neuritis. Massage, electricity,

and the internal administration of strychnine are the most approved

remedies.

Diseases of the Internal Popliteal Nerve.

This nerve is the larger of the terminal branches of the great

sciatic. It sends branches to the knee-joint, and farther in its course

is called Ijy anatomists the posterior tibial nerve. It supplies espe-

cially the flexor muscles of the foot and toes ; also the integument of

the sole of the foot and the outer part of the back of the leg, and

possibly the skin of the toes. But this sensorj^ distribution appears

to vary. The muscles supplied by the internal popliteal nerve are
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the gastrocnemms, plantaris, soleus, popliteus, tibialias posticus,

flexors of the toes, and the various muscles of the sole of the foot.

An obstructive lesion of the nerve consequently causes great disa-

bility in the movements of the leg and foot. The foot cannot be

flexed* at the ankle, and talipes calcaneus results. Anaesthesia is

distributed especially on the outer and lower part of the back of the

leg and on the sole of the foot. This nerve is seldom if ever paralyzed

alone. Wounds and other injuries to it must be extremely rare,

as I have been able to find no reference to instances of them.

The treatment is the same as that indicated for paralysis of the

external popliteal nerve.

The Fourth and Fifth Sacral and the Coccygeal Nerves.

These nerves, the last in the spinal series, do not enter into the

formation of the sacral plexus, except the fourth sacral, which sends a

small branch to that plexus. The fourth sacral nerve is the most im-

portant of these nerves, since it supplies the levator ani, coccygeus, and

sphincter ani muscles. It also sends branches to the viscera within

the pelvis, and communicates with the sympathetic system, entering

into the formation of the hypogastric plexus. It supplies sensory

filaments to the skin back of the anus. The fifth sacral nerve sup-

plies the skin over and to the side of the coccyx and supplies the

coccygeus muscle. The coccygeal nerve exists sometimes in only a

rudimentary state. It is distributed to the skin and fibrous tissue

about the coccyx.

These nerves are seldom involved in a distinct peripheral lesion.

They may be, and very commonly are, injured in lesions of the cauda

equina. In the cases of injury to the sacral plexus by tumors or

inflammatory exudates within the pelvis, these nerves are not com-

monly involved. This is true especially of the puerperal cases, in

which the chief symptoms occur in the course of the great sciatic

nerve. In such cases paralysis of the muscles of the anus is not

commonly seen. E.are cases may occur in which a limited lesion

at the very lowest portion of the spinal cord, i.e., involving the

last two sacral and the coccygeal segments, may closelj^ simulate

peripheral disease of these nerves. Thus Starr'" relates the case of

a young woman who was suddenly seized, after overexertion, with

pain in the sacral region and down the back of the legs, mth retention

of urine and faeces, and with total anaesthesia of the vulva, vagina,

*I use the terms flexion and extension of the foot in their strictly physiological

sense. The various muscles of the group supplied by the internal popliteal nerve

are properly flexors, and are analogous to the flexors in the forearm.
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and perineum, and of the limited ovoid area on the inner side of the

buttock, which is innervated from the fourth and fifth sacral segments.

There were no true paralyses, no atrophy of muscles, no reactions of

degeneration, no electrical changes. In this case the very distinctly

localized and outlined area of anaesthesia and the involvement of the

bladder and rectum without paralysis of any other muscles, showed

conclusively that the lesion must have involved either the last two sacral

and coccygeal nerves, or their roots within the cauda equina, or their

points of origin within the spinal cord. The fact that the lesion had

come on suddenly, and especially that it was bilateral and symmetri-

cal, and the absence of any recognizable lesion within the pelvis,

pointed clearly to a disease of the spinal-cord segments rather than

of the roots within the cauda equina or the nerves within the pelvis.

The sudden onset of the symptoms in a young person after overexer-

tion indicated, but did not prove, the presence of a spinal hemorrhage

limited to the cord at and below the fourth sacral segment.

Lesions of these nerves within the pelvis would likely be unilate-

ral, or if bilateral they would not present this appearance from the

beginning—in other words, the symptoms would probably begin on

one side and pass later to the other. The symptoms of involvement

of the last two sacral and coccygeal nerves are paralysis of the blad-

der and rectum, and anaesthesia over the posterior part of the sacrum,

the anus, perineum, and, in women, the vulva and vagina. In the

paralysis of the bladder which results the detrusive power is abolished

and the use of the catheter is demanded. If the bladder becomes

greatly distended it may overflow, and a constant dribbling of urine

may result, which may deceive an inexperienced observer into the

belief that the bladder is not paralyzed in its detrusive but in its re-

taining power. Paralysis of the sphincter ani muscle leads eventually

to an involuntary escape of faeces. In the early stages of these cases,

however, there may be obstinate retention of faeces, requiring the use

of enemata.

The treatment of these cases, as of all cases in which the bladder

and rectum are paralyzed, recjuires great care, especially with regard

to these organs. The use of the catheter, in all forms of nervous

disease entailing j^aralysis of the bladder, carries with it a distinct

peril to the patient. This peril arises from the possibility of septic

infection, causing purulent cystitis with all its attendant evils. I have

seen several cases, in my Avards at the Philadelphia Hospital, of

lesions of the spinal cord, causing paralysis of the bladder, in which
the death of the patient could be directly and distinctly traced to the

use of this instrument. These accidents hai)pen in spite of the utmost

care on the part of physicians and nurses to observe a rigid asepsis.
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It is evident that in these cases, for some reason, the resistant power
of the bladder is irajjaired, probably because its nutritive or trophic

functions are interfered with. Consequently the irritation of the

catheter is much more likely to be followed by a chill and the evi-

dence of septic infection in these patients than in healthy men and
women. It is astonishing in some instances with what j^romptness

and rapidity the patient will succumb to the ravages of this compara-

tively harmless-looking instrument. I recently saw a young man with

constitutional lead poisoning, which had induced partial paraly-

sis of the arms and legs, complete secondary optic atrophy, and a

marked lead dyscrasia, present symptoms of septicaemia within a few

days after the commencement of catheterization. This patient died

with all the symptoms of septic poisoning, and at the autopsy an

extensive nephritic abscess M^as found, which had evidently resulted

from a primary infection of the bladder. With these facts in mind,

it seems that the practitioner must always view with concern the

need of the catheter in paralysis of the bladder, and must realize the

necessity for rigid asepsis and care in its use. Although, as alreadj^

said, cases of paralysis of this organ from localized disease of the last

two sacral nerves in the pelvis are rare, yet this seems an appropri-

ate place to emphasize the dangers that arise from catheterization in

all cases of paralysis of the bladder.

Diseases of the Cauda Equina.

The Cauda equina is the leash of nerve roots lying within the

spinal canal and extending from the lumbar and sacral segments of

the spinal cord to the foramina by which the respective nerves make
their exit from the spine. In other words, the cauda equina is com-

posed of the roots of the lumbar, sacral, and coccygeal nerves. Some
of these roots are very long, since they extend from the lumbar or sa-

cral segments of the cord to their respective foramina low down in

the spinal canal. As they are composed of the axis cylinders of the

peripheral motor and sensory neurons, they belong properly to the

peripheral nervous system, and therefore their diseases will be de-

scribed here briefly. In one important respect, however, they have

some characteristics of the central structures of the nervous system,

i.e., they are enveloped in the meninges. Consequent!}^ they are

subject to some diseases, especially meningitis and the neoplasms

which grow in the meninges, that properly belong to the central ner-

vous system.

The nerve roots composing the cauda equina may be involved in

numerous disease processes and in a variety of accidents. Meningitis
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of syphilitic origin, althougli not so common in this region as higher

in the cord, nevertheless occasionally imiDlicates the cauda equina.

Intraspinal tumors also occur in the cauda equina. Thus W. W.
Fisher'" has reported a case of a lobulated tumor growing from the

pia mater at the lower end of the spinal canal, which was surrounded

by the nerves of the cauda equina. Gowers'*^ has reported a case of

myolipoma attached to the conus meduUaris, in which the nerve

roots of the cauda equina were embedded. Hemorrhages within the

spinal membranes vasij also involve this leash of nerves. Such hem-

orrhages are not infrequently caused by accidents, such as a fall from

a height, in which the patient strikes upon the buttocks. Some of

these cases are associated with fracture of the vertebrae, but this is

not necessarily so in every case. Purulent infections of the lower end

of the spinal canal occasionally occur. In one such case under my
own care the infection apparently arose directly from an immense

sloughing bedsore over the sacrum. The patient had been bedridden

from a non-purulent myelitis, high in the dorsal cord. This lesion

had no direct connection with the purulent infection of the cauda

equina, except that it had induced the bedsore, which had caused in

turn the infection of the lower end of the cord.

A brief consideration in detail of some points in the anatomy

of the cauda equina and lower end of the spine, is essential to a

right understanding of the lesions of this portion of the nervous

system. These lesions have been studied with care and intelligence

only in recent j^ears, and we have even yet not accumulated sufficient

data to permit us to draw positive conclusions in all cases. The most

imjjortant of these cases for diagnosis and treatment are those that

result from accidents. These are not very uncommon. In our large

clinical service at the Philadelphia Hospital I have seen during the

last ten years a comparatively large number of cases of injuries to the

Cauda equina. They are, however, sufficiently^ rare in general jn^actice

to ciause them to be x^erplexing and troublesome cases to the physi-

cian. In the first ])lace, it is well to recall that the lower end of the

spinal column is the most massive portion of that structure, and

that it is i^rotected by large muscles. Consequentlj^ it is the part

least liable to fractures. The only injuries that are likelj'^ to cause

fractures of these bones are crushing and compressing accidents.

Thus the fall of heavy weights, as masses of earth, coal, etc., may
cause such fractures. Compression between the bumpers of cars, or,

as I knew in one instance, betAveen a canal boat and the side of a lock,

may also fracture the vertebras of this region of the spine. But it is

not necessary that fracture of the vertebra} should be j^resent in order

to constitute a very grave lesion. Rupture of blood-vessels and slight
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lacerations of tlie membranes may occur, without fractures, as results

of violent concussion. These lesions are rather more common in

the lumbar and sacral regions than are fractures of the vertebrae.

The accidents that are peculiarlj^ liable to cause them are falls from

great heights, especially, I have thought, when the patients are

heavy individuals and when they light upon the feet or upon the but-

tocks.

There seems to be some special reason why these meningeal hem-
orrhages affect particularly the region of the lumbar enlargement

and the cauda equina. It is possibly due, in part at least, to two

causes. In the first place, the direct effect of concussion, when the

patient lights ui)on the feet or buttocks, is felt most in the lower

dorsal and lumbar regions. Secondly, the blood-vessels are probably

not so well sui)ported in this lower region, since they have not the

solid support of the spinal cord. There is also possibly a third

reason : the blood, even when it escapes above the upper level of the

Cauda equina, would tend by gravity to run down within the mem-
branes and to cause clots to form, which would make permanent com-

pression upon the nerve roots. This seems to be indicated not only

theoretically, but also from the clinical facts as they are observed.

Thus the permanent symptoms of anaesthesia and paralysis do not

always appear instantly at the time of or just after the accident.

Many hours sometimes elapse before the symptoms of compression

are permanently established. In one case reported by Mills,'" in

a man aged forty-four—who while carrying a hod fell from a

scaffold twenty-five feet to the ground—fifteen hours elapsed before

normal sensation and motion were abolished. Such a case can be ac-

counted for only upon the hypothesis that some slowly acting cause

with cumulative effects was taking place. This could only be a

hemorrhage. This might not necessarily be a very copious flow of

blood, but only a slight oozing or trickling from a few small blood-

vessels. In the course of a few hours the blood could so fill up the

lower end of the spinal canal as to cause very destructive pres-

sure on the delicate nerve roots constituting the cauda equina. In

some of these cases, no doubt, there is injury also to some of the seg-

ments of the lumbar and sacral cord. The difiiculty often is to dis-

tinguish these lesions apart. An injury to a lumbar or sacral seg-

ment will necessarily cause symptoms almost identical with those

caused by injuries to the nerve roots arising from these segments. It

is in this one respect, perhaps, that we are still at a disadvantage in

not having accumulated more data in these cases.

A second point of importance is to estimate the location or dis-

tribution of the lesion with reference to the exit of the various nerves
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througb. their respective foramina from tlie spinal canal. The cauda

equina, it must be recalled, is about six inches in length, estimating

from the extreme tip of the spinal cord (the conus medullaris) to the

exit of the last coccygeal nerve. Its component roots, however, rise,

of course, above this level, and they are necessarily not all of the

same length. Each pair of lumbar and sacral nerve roots is as long

as the distance from their respective segments to their foramina of

exit. Consequently the lower roots have the longer course. The

important point to recall in this connection is the fact that these roots

have different levels of exit, and consequently some may be involved

in a lesion from which others may escape entirely. Thus a blood

clot settling and organizing low in the spinal canal might only make

compression upon the last two sacral nerve roots as they descend

and emerge low down in the canal, while the upper sacral and all the

lumbar nerve roots would escape, owing to the fact that they emerge

above the seat of the lesion. This fact, it may be said, dominates,

as it were, the topography of lesions of the cauda equina. The lower

these lesions the more contracted is the field of their symptoms.

With each additional level involved an additional pair of nerve roots

is implicated, and the field of the symptoms consequently broadens

out more and more the higher the lesion ascends. This practically

amounts to the same thing as including within each additional level

additional segments of the sacral and dorsal cord. From this fact

arises the difficulty, already referred to, of distinguishing accurately

between lesions purely of the cauda equina anc\ those that are limited

strictly to the cord itself. From the tables already given (page

256) it will be seen what sensory and motor neurons are connected

with the various segments of the lumbar and sacral regions of the

cord, and consequently what sensory and motor functions must be

paralyzed in lesions involving the various segments. It is possible,

in fact, or even probable that in many cases of meningeal hemorrhage

both the segments of the cord and some of the various strands of the

cauda equina are conjointly involved. In their efforts at refinement

in diagnosis clinicians may perhaps seek to distinguish too dogmati-

cally Ijetween lesions of these two structures, i.e., the lumbar enlarge-

ment and the cauda equina.

The symptoms of diseases or injuries of the cauda equina present

usually what may be called a distiuctly segmeutal type; that is to

say, they appear in groups in well-defined areas. The lower the

lesion, the smaller and more contracted is the area of the symp-

toms. Tlie higher we ascend, as segment after segment is added, the

area of the symptoms, as it were, broadens out. Thus, beginning at

the lowest segment, we can theoretically superimpose one segment
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upon another, and represent diagrammatically each of the gradually

increasing areas of the symptoms. In a lesion, for instance, of the

fourth and fifth sacral segments or of the nerve roots running from them
in the cauda equina, the area of anaesthesia is as shown diagrammati-

cally in Fig. 35. This area includes also the perineum and the

genital organs. With this anaesthesia there is always associated more
or less paralysis of the bladder and rectum.

When the lesion involves the third sacral segment or its nerve

Fig. 35.—Area of Anaesthesia

from a Lesion of the Fourth
and Fifth Sacral Segments.

(Starr.)

Fig. 36.—Area of Ansesthesia

from a Lesion of and below

the Third Sacral Segment,

or the Nerve Roots below
this Segment. (Starr.)

Fig. 37.—Area of Anaesthesia

from a Lesion of and below
the Fifth Lumbar Segment,
or of the Nerve Roots from
and below this Level. (Starr.)

roots, as well as those below it, the area of anaesthesia broadens out,

as shown in Fig, 36. With this is associated, in addition to the

paralyses of the rectum and bladder, paralysis of the gluteus maxi-

mus muscle.

When the lesion involves the fifth lumbar segment or its nerve

roots, as well as those below it, the anaesthesia is as shown in Fig.

37. At the same time, in addition to the paralyses already men-
tioned, there will be loss of power in the outward rotators and flexors

of the knee, flexors of the ankle, peronei, and extensors of the toes.

If the lesion extends as high as the third lumbar segment, the

area of anaesthesia is as shown in Figs. 38 and 39. At the same time

the paralysis will extend to the abductors and adductors of the thigh,

the tibialis anticus, and the peroneus longus, but will not involve the

quadriceps extensor (Mills, Starr).
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This segmental distribution of the symptoms of lesions of the

lumbar and sacral regions of the cord, or of their nerve roots in the

Cauda equina, is highly characteristic, and needs only care in the

minute study of symptoms for its determination. In this study the

area of anaesthesia can be mapped out very readily by means of a

sharp and pointed instrument and a blue lead pencil. In determining

the muscles involved it is only necessary to test each muscle separately

and thus gradually establish the group paralyzed. By then com-

FiG. 38.—Area of Ausesthesia from
a Lesion of and below the Third

Lumbar Segment, or of the

Nerve Roots at and below this

Level. (Starr.)

Fig. 39.—Same as Fig. 38, Anterior View.

(Starr.)

paring the results with the tables given on page 249, a diagnosis

of the seat and extent of the lesion can be established with great ae-

curacy.

Among the general symptoms of all these lesions, pain is one of

the most striking. This evidently depends upon irritation of the

sensory nerve roots, and consequently may occur in a lesion involving

these roots at any point of their course. Consequently it may be

present in a lesion of the lumbar or sacral region of the cord itself or

of the nerve roots distinctly limited to the cauda equina. The dis-

tinction which some authors have sought to make between these two

classes of lesions, with respect to this one symptom, pain, is, I am
sure, not a reliable one. In other words, there is no reason, as already
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said, why pain should not be present in any irritative lesion, such as
is produced by tearing of the meninges and pressure of a blood clot

upon the nerve root anywhere in the spinal canal below the upper
level of the lumbar enlargement. It has usually been present in

some degree in all cases noted by me. According to Thorburn,'"

hypersesthesia as a symptom is much less commonlj^ found than

the text-books indicate. This is probably due to the fact that his

cases were mostly those of fracture in which a crush and compres-

sion of the cord itself had occurred. In such a case, the sensory

pathways upwards in the cord being interrupted, pain would not be

a prominent symptom. Hence this symptom, pain, in lesions in

the lower dorsal, lumbar, and sacral regions of the spine is of

relative diagnostic importance, as indicating that the nerve roots are

chiefly involved and that the substance of the cord itself has not

been seriously damaged.

The reflexes in lesions of the cauda equina will be affected accord-

ing as their centres are located in the affected segments, the nerve

roots of which are involved. These can be studied by reference to the

table. The patellar tendon reflexes are usually not involved in any

lesion below the third lumbar segment. It may occasionally happen,

in fact, that from the extension upwards of the irritative process the

knee jerks may be exaggerated. The genital reflexes are usually en-

tirely lost. Neither priapism nor normal erection occurs.

As time advances the skin may assume a glossy hue, as seen in

cases of neuritis, and trophic lesions may occur. Bedsores not

uncommonly form and seriously complicate the case. Paralysis of

the bladder may lead to cystitis and ammoniacal urine.

The paralysis in these cases is of the flaccid type. The affected

muscles degenerate and present the reactions of degeneration. This,

of course, is due to the fact that the lesion is essentially peripheral,

i.e., it involves the axis cylinders of the peripheral motor neurons.

Consequently the muscles are cut off from their trophic centres, the

large multipolar ganglion cells in the anterior horns of the spinal

cord. The lesion acts, therefore, exactly as a lesion would in the

course of a nerve trunk.

The peculiar distribution or grouping of the symptoms of hemor-

rhage in the cauda equina is well illustrated in a case reported by

Mills""" from the neurological wards in the Philadelphia Hospital.

The patient, a man aged forty-four, born in Ireland, a laborer, fell a

distance of twenty-five feet and lighted on his feet. From the begin-

ning he could not walk. There was no fracture of the vertebrae. For

the first fifteen hours he had normal sensation in his legs, and he

could move his legs up and down as he lay in bed. He had severe

Vol. XL—24
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pain in his back, in the pelvis, and in the gluteal region. At the end

of fifteen hours pains and cramps in the left foot and leg set in, and

the leg became swollen and blue. These symptoms then appeared

in the right leg and both legs were drawn up, i.e., flexed at the hip

from contraction of the quadriceps extensor muscle. The legs were

so paralyzed that they had to be lifted about when it was desired to

change the patient's position. Incontinence of urine set in at the

end of fifteen hours, and constipation of the bowels was a symp-

tom for six months, after which occasional incontinence of faeces

occurred. Parsesthetic symptoms continued for a long while in this

case, but pain was not a very prominent symptom. The pargesthesia

consisted of a tingling in the calves and posterior part of the thighs

and buttocks, and in the left leg of a sensation of a stream of water

flowing down the inner side of the thigh and leg. The knee jerks

were exaggerated. In this case the anaesthesia was in the distribution

of the small sciatic, pudic, inferior hemorrhoidal, and inferior puden-

dal nerves. A surrounding and larger zone of partial anaesthesia was

observed. The case thus illustrates the important point, that a larger

zone of imperfect anaesthesia may surround the smaller zone. This

indicates that the segment or the pair of nerve roots just above those

most injured were also partiallj^ involved. This fact, which is an im-

portant one, has been in my observation too generally overlooked by

clinicians. Analyzing the motor symptoms, we find that the affected

muscles were mostly those below the knee, as the gastrocnemius,

soleus, posterior tibial, and, in a minor degree, the anterior tibial.

This distribution of symptoms indicates that the lesion involved mostly

the lower sacral segments, but that it extended upwards with irregular

or partially destructive effects as high possibly as the fourth or even

the fifth lumbar segment.

The roots of the cauda equina may be involved, as already stated,

in acute inflammatory processes not the results of accident. Syphilis

and septic processes may cause an inflammation of the membranes
involving the roots of the cauda equina. Such patients usually suffer

extreme pain. I have seen a case presenting distinct symptoms of

inflammation of some of the lower strands of the cauda equina as a

result of exi)osure to cold. The case was as follows

:

J. B , an able-bodied Italian, aged 40 years, was admitted
to my ward in the Philadelphia Hospital, with well-marked paralysis
of the lower limbs. Four months before his admission he had been
working in midwinter in a railroad tunnel, where he had been con-
stantly exposed to cold and wet. He had no history of alcoholism
or syphilis. The first symx)tom noted had been shooting pains down
the legs ; at the same time he began to lose power in his legs, the
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paralysis advancing rapidly. On admission the patient had paraly-
sis of certain groups of muscles of the legs and thighs. Those most
affected were the sural and peroneal groups and some of the thigh
muscles, especially the hamstring muscles. There was not comxjlete
paralysis, however, as the patient was able to flex and extend his
thighs and to stand with support and to walk with a very feeble gait.

He had the characteristic gait that is caused by paralysis of the ex-
tensor

_
muscles of the foot; he dragged his toes and lifted his feet

very high. In other words, there was foot drop. The symptoms in
the legs, in fact, closely resembled those of a patient suffering with
multiple neuritis. He had no symptoms, however, above the waist,
and the absence of multiple
neuritis was further indicated
by his sensory and vesicoanal

symptom s . The paralyzed mus-
cles were atrophied and the
knee jerks were abolished.
There were no contractures.

The patient swayed slightly

with his eyes shut. The fa-

radic contractility was entirely

abolished in all the muscles of

the leg and the posterior thigh
muscles. The quadriceps ex-

tensor group responded slug-

gishly to strong currents. To
galvanism there was much di-

minished contractility in the
affected muscles, with decided
modal change, and a duration
tetany to very strong currents
was obtained. Serial changes were well marked. The CCC was less
than the AGO in all the muscles below the knees. In the thigh mus-
cles the CCC was equal to the ACC. It is thus seen that the patient had
complete reactions of degeneration. Sensation was affected as shown
in the diagrams. The anaesthesia involved the buttocks and extended
in a strip down the posterior part of the thighs and legs, passing
around to the outer anterior aspect slightly on the thighs but farther
on the leg and including the dorsum of the foot. All modes of sen-
sation were involved, i.e., tactile, thermal, and the pain sense. The
patient at this time had no pain whatever. The bladder was paretic
but not totally paralyzed. The man had difficulty in starting the
stream, but no incontinence. The rectum at this time was not in-

volved. There was a bedsore on the right buttock. In the course of

two months the patient's condition improved. The area of anaesthe-
sia diminished, the right knee jerk returned, and there was some
gain in power. Later, however, a second bedsore appeared. These
bedsores had a punched-out appearance; they were painless and
exceedingly sluggish. The gait improved steadily up to a certain

T)oint, but the foot drop continued and was a troublesome feature.

The patient had a device for overcoming the foot drop, by tying a
bandage about the ball of the foot and passing one end to the outer

Fig. 40. —Area of Anassthesia in a case of Neuritis

of the Cauda Equina. (Philadelpliia Hospital.

)
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and the other to the inner side above the calf of the leg, where they

were fastened.

Analysis of this man's symptoms shows that the lesion probably

extended as high as the fourth lumbar segment. From the mode
of its onset and its obvious cause, it was probably an inflammation

of some of the lower nerve roots of the cauda equina. In the absence

of a distinct history of traumatism, syphilis, and alcoholism, and

from the direct historj^ of exposure at hard labor in a cold and wet

place, it seems obvious that it was a neuritis due to the action of

the cold and wet.

The diagnosis of lesions of the cauda equina rests largely upon the

peculiar segmental distribution of the symptoms. The nature of

the lesion is usually clearly indicated by the history of the case.

The majority of these cases are of traumatic origin. In all of them
the symptoms are usually bilateral and symmetrical. Exceptions to

this rule might occur possibly in cases of tumor compressing the

cauda equina, in which cases the first sj^mptoms at least would prob-

ably be unilateral. In most cases of lesion of the cauda equina pain

is a i)rominent symptom at some stage in the history. It may be

well marked, however, only in the early stages. In the case just

narrated it disappeared after the lapse of a few weeks. In a case of

purulent infection of the cauda equina, seen by me, it was a well-

marked and persistent symptom to the very end. The diseases from

which these lesions have to be differentiated are especially myelitis,

locomotor ataxia, and peripheral neuritis. These lesions of the

cauda equina are best differentiated from all these diseases by the

peculiar segmental grouping of the symjjtoms. In myelitis involving

only the lumbar and sacral segments, however, this differentiation is

not always easily made. In one of my cases in the Philadelphia

Hospital the patient presented quite distinct segmental symptoms, and

the autopsy revealed a diffused myelitis, with white softening, extend-

ing from the lower dorsal segments to the filum terminale. It involved

some strands of the cauda equina. There were, however, no reac-

tions of degeneration, and the presence of fibrillation in the muscles

with exaggerated knee-jerks and the absence of pain admitted of a

diagnosis (which was made before death) of irregularly diffused

myelitis of the lumbar cord. From locomotor ataxia the disease is

to be distinguished especially by the history and by the fact that in

tabes there is no distinct segmental anaesthesia ; that the fulgurant

pains differ in type from those of neuritis ; that the muscles, at least

in the early stages, are not paralyzed and degenerated; that inco-

ordination is well marked, and that eye symptoms are iisually pres-

ent. Multiple neuritis does not involve the legs alone, and the
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paralysis of tlie leg muscles in this disease is not confined so dis-

tinctly to certain segmental groups as in the cases of lesions of the

Cauda equina.

The treatment of these cases depends largely, of course, upon the

cause. In traumatic cases, in which there is good reason to believe

that hemorrhage has occurred and that a blood clot is pressing upon
the nerve roots, the only rational treatment is to trephine and evacu-

ate the blood. This is often a difficult question to determine. Much
depends upon an exact diagnosis of the lesion and its location. If

good is to be obtained, the operation should be performed as soon as

possible after the accident. In saying this much, however, I do not

intend to recommend rash and hasty operative interference in these

cases. The question can only be decided on its merits in each indi-

vidual case in consultation with a conservative surgeon. The treat-

ment of these cases with drugs is usually most unsatisfactory. In

spite of time and rest and careful nursing, the patients are only too

likely to be permanently impaired. Not a few of them, in fact,

perish ultimately from exhaustion and from septicaemia due to bed-

sores. In later stages in cases in which the patients show a tendency

to improve, massage and electricity with appropriate nerve tonics

may be used. Bedsores should be treated with the utmost care and
with due regard to asepsis.

MULTIPLE NEURITIS.

Definition.

Multiple neuritis, or polyneuritis, or peripheral neuritis, is an
inflammation of a few or many nerves more or less limited to their

peripheral distribution. Before entering into a description of this

disease it is desirable to explain and limit the term so as to bring it

within the meaning now generally accepted by neuropathologists.

All inflammatory, and especially all degenerative, processes involving

the peripheral neurons are not necessarily included in this term. As
Babinski '"* has well pointed out, degenerative and inflammatory proc-

esses of nerves may be divided into two classes. The first of these

pertain to those processes which depend upon lesions of the nerve

centres themselves. Thus an inflammation of the anterior horns of

the spinal cord, in which are contained the cell bodies of the periph-

eral motor neurons, will cause parenchymatous degeneration in the

nerve trunks; but such a disease is not properly included with

instances of multiple neuritis. The second class includes instances

of neuritis properly so called which are peripheral and primary. In
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tliese cases the nerves are attacked primarily in their trunks or dis-

tributions, and not secondarily to an inflammatory process in their

trophic centres. This inflammation is more marked in the periphery

of the nerves and tends to diminish towards the nerve centres, which,

as a rule, are little if at all inflamed. It is proper to state here,

however, that even in this class of true peripheral neuritis authorities

differ as to the exemption of the trophic centres. This class may be

subdivided, therefore, into first, those cases which have an external

cause, as trauma, compression, etc., and which are undoubted!}^

trulj" peripheral in origin and course; and second, into an exceed-

ingly large class in which the cause is internal and is usually a

poison of some sort circulating in the blood. In these cases—which

are the cases proper of polyneuritis—some authorities claim that the

morbid process, though most marked in the periphery of the nerve,

is nevertheless not limited to it or even primary ; but that the trophic

centres of the neurons {i.e., the cell bodies proper) are also invaded

by the poison which, in fact, acts primarily upon them.

Leaving aside for the moment these complex questions in pathol-

og3^, the term multiple neuritis may be limited to that disease process

which is set up in the trunks and distribution of a number of nerves

at the same time, and is caused by the irritant action of some toxic

substance circulating in the blood. As a consequence of this origin

the disease is usually symmetrically distributed, although its exact

distribution depends in a measure upon the particular poison in

action.

A second question of importance has reference to the particular

structure of the nerve trunk most involved in the inflammatory proc-

ess. Two classes are here recognizable. First, those cases in

which the nerve sheath and interstitial connective tissue are primarily

and most involved. Second, those cases in which the inflammatory

process is located especially in the axis cylinders. The first form is

called interstitial neuritis; the second, parench^^matous neuritis.

The distinction between these two varieties is a purel}^ pathological

question and will be discussed later under its appropriate head.

History.

The histor}^ of the recognition of multiple neuritis is one of the

most important chax)ters in modern neuropathology. It seems
almost incredible that such an easily recognized and prevalent dis-

ease should for so long a time have escaped recognition by clini-

cians. The reason for this, however, is not far to seek. This dis-

ease was uniformly confused with diseases of the spinal cord. These
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cases were not unobserved but badly observed, and their morbid
anatomy was not recognized because the science of pathology had
not advanced far enough to admit of a recognition of diseased struc-

tures which are now open to the scrutiny of all experts with the

microscope. As is so often the case, however, the pioneer in this

field had few followers. The disease was distinctly recognized and
described from the clinical standpoint by an American physician,

Dr. James Jackson,'" in 1822. His description is a model of con-

ciseness and accuracy. He says that the disease arises from the use

of ardent spirits ; that it is distinctly marked but that he had never

seen it described. He had seen a number of cases mostly among
women, and for want of a better name he proposed to call the disease

arthrodynm a pofu. Jackson said that the disease commences with

pains in the lower limbs, especially in the feet, and afterwards extends

to the hands and arms. He called attention to the excruciating pain

and the accompanying distressing feeling of numbness; also to the

fact that the extensor muscles are most involved and that the flexor

muscles, manifesting greater power, cause contractures. He spoke of

the atrophy of the limbs, and of the altered appearance of the skin,

which consists "in a great smoothness and shining with a sort of

fineness of the skin." His description, in fact, of glossy skin is

striking. The integuments, he says, look as if tight and stretched

without rugse or wrinkles, somewhat as when the adjacent parts are

swollen. Yet this appearance he says is not due to an effusion

under the skin; it arises from some change in the integument itself.

He distinctly claims that the paralysis is due to some affection of the

muscles and not of the nerves (i.e., nerve centres ?) as in common
paralytic cases. He thus nearly recognized very shrewdly the com-
monest seat of the disease, the peripheral distribution of the nerves

in the muscular tissue ; but he gave no anatomical demonstration of

this. Finally, he recognized the altered cerebral state, the mental

weakness and the insomnia. The disease, in his observation, was

fatal if the use of spirituous liquors was not abandoned. In one case

he effected a cure after six months' treatment, illustrating what is now
so well known, the slow and chronic course of the affection.

Soon after Jackson's description an epidemic, apparently of some
form of multiple neuritis, was observed in Paris and described by
Chomel, quoted by Buzzard."" This was in 1828. Graves refers to

this as a remarkable example of disease of the nervous sj'^stem, com-

mencing in the extremities, " and having no connection with lesions

of the brain or spinal marrow." Graves saw some of these cases, and

states that the disease began with pricking sensations and severe pain

in the hands and feet, so acute that the patient could not bear these
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parts to be touclied by tlie bedclothes. Finally, anaesthesia came on

and motor paralysis. All four extremities were involved, so that the

person lay in bed powerless and helpless. The disease continued for

weeks and even months. According to Graves, " the French pathol-

logists searched anxiousl}' in the nervous centres for the cause of this

strange disorder, but could find none. There was no evident lesion,

functional or organic, discoverable in the brain, cerebellum, or spinal

marrow."

Huss, in 1852, and Duchenne'" in 1855 undoubtedly observed and

described cases of multiple neuritis, but without recognizing the true

nature of the disorder. The former writer, according to Starr,'"

gave a description of the nervous symptoms in chronic alcohol-

ism, but ascribed them to lesions in the central nervous system.

Duchenoe included these cases distinctly in a spinal group under the

term of "ascending subacute general spinal paralysis," in spite of

the fact that in a case in which he made an autopsy there were no

gross changes observable in the cord. It thus appears that neither

Huss nor Duchenne can receive credit for having thrown light upon
the true pathology of multiple neuritis. They, in fact, did not

advance so far even as the American physician, Jackson, thirty years

before them, nor the Irish physician. Graves, in his observations

while in Paris.

The first observer to demonstrate the true pathology of multiple

neuritis was undoubtedly Dumenil."' The title of Dumenil's first

pai^er sufficiently indicates his conception of this disease. It is as

follows: "Paralysie peripherique du mouvement et du sentiment

portant sur les quatre membres; atrophic des rameaux nerveux des

parties paralysees." Dumenil's first observation was made in the

case of a man seventy-one years of age, who experienced first for a

period of two weeks tingling sensations in the toes. These were fol-

lowed by numbness in the left foot and in the right upper limb.

Many days later the left upper limb was seized and finally the right

foot was attacked in its turn. When the disease became established

the symptoms were briefly as follows : There was paralysis, not quite

complete, of the hand and of the forearm, especially on the right side;

paresis of the left hand; almost complete paralysis upon the left

side. There was atrophy of the muscles of the forearm and espe-

cially of those of the hand. Faradic contractilitj'^ of the flexors on
the right side was abolished and on the left side was diminished, and
of the muscles of the thenar eminence and of the interossei it was
abolished on both sides. There were areas of ansesthesia in the

hand. The toes were completely paralyzed. The muscles of the

legs were atrophied and their faradic contractility was abolished.
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There was some ansesthesia on the dorsum and sole of the foot. The
patient had a painful, numb feeling in the paralyzed limb. Some-
times the painful sensations were as though caused by the pricking

of a needle. The heart beat irregularly. This patient died in two
months after the onset of the malady of a latent pneumonia. A
microscopical examination made by Dumenil in this case showed the

presence of pronounced changes in the nerves. The examination, how-
ever, was not so complete as it might have been, as the nerves were

not examined from the periphery up to their centres. From gross

appearances, however, it seemed that the spinal nerve roots and the

cord itself were normal, but they were not examined microscopically.

This autopsy, somewhat imperfect as it was, is noteworthy as being

the first in which was demonstrated the disease now known as mul-

tiple neuritis. It may, therefore, justly be regarded as marking an
epoch.

In his second contribution Dumenil distinctly asserts his con-

viction that many paralyses of obscure cause have their origin in

true neuritis. He ascribes the neglect of this subject to the pre-

occupation of pathologists with affections of the nerve centres, when-
ever they observed a trouble of sensibility or motion, and to the fact

that this had distracted their attention from diseases of the peripheral

nervous system. His second case in a man aged sixty -four was marked
by sensory disturbances in the feet and hands; paralysis of the

hands, of the forearms, and of the feet and legs ; inability to extend

the feet ; abolition or enfeeblement of faradic contractility ; cutaneous

anaesthesia; pains in the feet and legs; swelling of the phalangeal

articulations; fusiform swelling of the fingers, which were smooth and
shining. These symptoms abated after some months, and the patient

quit the hospital much improved. The diagnosis of multiple neuritis

in this second case of Dumeuil's was amply justified by the symp-
toms, but as it was not verified by an autopsy, the case itself, of

course, has not the importance of his first observation. Whatever
criticism may be passed upon these observations of Dumenil, they

did not receive at the time nearly the attention that they deserved.

The consequence was that the more general recognition of this im-

portant disease was postponed still for a number of years. For a

more detailed statement of this interesting subject the reader may
consult the artjcle by Babinski.'"

In 1876 Eichhorst, quoted by Babinski, reported a case under the

title of acute progressive neuritis, which resembled Landry's disease.

At the autopsy lesions of the nerves were found, while the spinal cord

was normal. This observation has historic significance as being

probably the first in which the identity, of some cases at least, of
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so-called Landry's paralysis with multiple neuritis was demon-

strated.

The next important paper on this subject was that by Joffroy"^

on spontaneous parenchymatous neuritis, which appeared in 1879.

He distinguished three kinds of parenchymatous neuritis, and thus

advanced the subject by recognizing and classifying a variety of

causes. The first of these causes, according to Joffroy, was cold.

He believed that the action of cold, especially when associated with

a rheumatic diathesis, can develop neuralgias which are dependent

upon parenchymatous neuritis. The most remarkable example of

this, according to Joffroy, is sciatica. The second cause of paren-

chymatous neuritis was lead poisoning. In this observation, how-

ever, Joffroy had been preceded by Charcot and Gombault. The

third cause, following this writer, was infection with the j^oisons of

such diseases especially as typhoid fever, typhus fever, small-pox,

and diphtheria. The merit of Joffroy 's work, as already said, was

the recognition of a variety of causes for multiple neuritis, but it is

extraordinary that among these causes he made no mention of alcohol.

He recognized, however, the action of tuberculosis in causing the

disease, an action which was recognized the same year independently^

by Eisenlohr.

In 1879 and 1880 appeared Leyden's classical essays upon this sub-

ject. These papers advanced the subject and placed it upon a still

more secure foundation. This observer devoted himself to a detailed

description both of the symptoms and of the microscopical appear-

ances. His observations were based upon two cases, both in young

men in whom a paralysis of all four limbs had developed. This pa-

ralysis was especially marked in the fingers and hands and toes and

feet. The paralyzed muscles atrophied and reactions of degeneration

were present in them. Tormenting jjains were experienced in the

paralyzed limbs. Leyden noticed also the hypersesthesia of the skin

and the pain caused by comi)ression of the muscular masses. He
emphasized the fact that characteristic symptoms of spinal diseases

were absent, especially paralysis of the bladder and rectum, bed-

sores, and involvement of the eye muscles (Bal)iuski) . Microscopical

examination in Leyden 's cases revealed characteristic alterations of

the nerves without involvement of the spinal cord. The value of

Leyden 's observations consisted in the greater detail with which he

gave the symptoms of the disease and the accuracy and fulness of

his histological studies. While he merely followed in the path

already so clearly indicated by Dumenil and pursued by Joffroy, he

has the merit, perhaps more than any other author, of having

secured for the disease a recognized place in nosology.
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Among British writers, special mention should be made of a

paper by Grainger Stewart."" This paper is noteworthy as the first

attempt in the English language at a systematic description of the

disease as it is recognized by modern pathologists. The paper was
based upon the report of two cases. The symptoms in these cases

were in the main similar. Pain and numbness in the extremities,

followed by anaesthesia and paralysis were the chief symptoms.

Grainger Stewart also called attention to the intermittent character

of the pain, which was increased on pressure and handling; also to

the glossiness of the skin, and the contractures and changes in the elec-

tric excitability of the muscles. He did not, however, appear to

recognize fully the possible alcoholic element in his cases. One of

his patients died, and the microscope revealed marked changes in the

median, ulnar, and tibial nerves. There was destruction of the axis

cylinders, which, however, was only apparent in the trunk of the nerve

and towards the periphery and not towards the centres. Thus the

brachial plexus was exempt, while the nerve trunks arising from

it, just mentioned, were the seats of disease. The only changes

found in the spinal cord were in the columns of Goll and the j)osterior

part of the lateral columns, in the cervical region and to a less extent

in the lumbar enlargement. The roots of the nerves were not in-

volved and the gray matter in the cord also was exempt.

It is scarcely worth while, or even possible, in this place to trace

the history of multiple neuritis farther. The disease, after its full

recognition, became the subject of innumerable papers which now
constitute an enormous bibliography. The observations of clinicians

and pathologists all over the civilized world have establish sd the fact

that there are numerous varieties of the disease and that they depend

upon many causes.

In this paper it will be my plan to describe in detail the various

symptoms according to the structures involved ; then to group these

symptoms in the various forms which multiple neuritis actually pre-

sents at the bedside. The diagnosis will then be considered in con-

siderable detail. Next the morbid anatomy will be described, and
finally, in the section on treatment, care will be taken to indicate the

various methods by which the disease is to be controlled. First,

however, I shall describe fully the numerous causes of multiple neu-

ritis.

Etiology.

Not the least interesting phase of the study of multiple neuritis is

its etiology. Since the disease was first demonstrated as a clinical

entity, our conception of its possible causation has been constantly
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widening until now we realize that the peripheral nerves are the field

for the utmost activity of most of the poisons, both organic and in-

organic, that can infect the human body. This fact shows us at once

that we are now on a most important territory in neuropathology.

Many diseases that were formerly considered to have their seat in

the spinal cord have now been demonstrated to be simply due to the

action of some poison upon the smaller nerve trunks and their periph-

eral endings. No other department in clinical medicine equals this

in suggestiveness and in the fertility with which it has given origin

to new conceptions of disease.

Among the causes of multiple neuritis alcoliol should undoubtedly

hold the first rank. As already said, Magnus Huss had noted the

symptoms of peripheral neuritis in alcoholic subjects, but he had not

attributed them to their true cause. Long before his time, however,

Lettsom, quoted by Buzzard, had made a curious reference to the

same subject. This was in 1789. He referred to the emaciation of

the extremities ; the smoothness and polish of the skin, so that the

soles of the feet even became " glossy and shining" ; and the exquisite

tenderness of the parts, so that the "weight of the fijiger excites

shrieks and moaning." He wrote especially of the paralysis of the

legs, arms, and hands, of the mental feebleness, and of the delusions

in particular of personal identity. In recent years the study of

alcohol as a factor in neuritis has been made by Lancereaux and

Leudet in France, and by Reginald Thompson, Handfield Jones and

Wilkes'"" in England. This latter author, however, ascribed the

"alcoholic paraplegia" to an infection of the spinal cord. He
called particular attention to the fact that the disease occurred

especially in women. He speaks of the loss of power, accompanied

with pain in the limbs—in some cases, with angesthesia—but he erro-

neously ascribes these symptoms to spinal meningitis. Wilkes gives

interesting details of cases evidently of multiple neuritis in women.

He notes the feebleness of mind as well as the impairment of the

body and says he could multiply such cases to almost any extent.

Alcohol acts to cause multiple neuritis often in an insidious

manner, and in conjunction especially with one or two other well-

marked causes. The disease usually appears, for instance, in the

chronic tippler and not necessarily in one who has drunk large quan-

tities of spirituous liquors. For this reason, probably, it is seen so

often in women, many of whom, when addicted to drink, take it on
the sly and in small quantities at brief intervals. When this habit

of constant tippling is associated with hard labor, exposure to

changes and extremes in temperature, and insufficient food, the

chances are much increased for the occurrence of the disease. These
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facts hold good, however, just as well for the male as for the female

sex. Thus most of the severe cases of alcoholic multiple neuritis in

men which I have seen in the Philadelphia Hospital, have occurred in

the pauper class and in individuals who were especially exposed to

cold, wet, and fatigue, and who not only drank too much, but ate too

little. Thus one man was a blind street musician, who exposed him-

self on a curbstone for many hours a day and spent all his earnings

in low groggeries. Another patient was a chronic tippler, much re-

duced by exposure and neglect, whose disease ajjpeared after a few

days' exposure shoveling snow in severe winter weather. One
reason, apparently, why Avomen are so prone to the disease is prob-

ably because those women in whom it occurs most frequently are

among the poorer classes, who are obliged to labor hard for the sup-

port of a family and are broken down often by over-childbearing

and underfeeding. It is a mistake, however, to suppose that mul-

tiple neuritis is limited to this class. It may occur among the

affluent classes. If it occurs less frequentl}^ among them, it is not

probably altogether because they drink less, but because they are

better nourished and hence can resist better the ravages of the

disease. Because of its poisonous action upon other organs and

tissues of the body, the effects of alcohol are not always limited to

the peripheral nerves. Mental enfeeblement, marked by wandering

delirium, is a very common symptom, and is an evidence of the

ravages of alcohol upon the brain substance. Affections of the liver,

kidneys, and vascular system are also liable to occur, and should

alwaj^s be sought for. These complications not only tend to give

some distinctive characterization to the cases of multiple neuritis

caused by alcohol, but they also not infrequently influence the course

and termination of the disease.

The next most common cause of multiple neuritis is probably

lead. This cause is not always recognized at its full value. The
conception of "lead palsy" is too closely limited to a paralysis of the

extensor muscles of the forearm. This is, of course, a variety or

type of multiple neuritis, because in it, although the disease affects

little more than one nerve of the forearm, it is nevertheless bilateral

and symmetrical. It is a mistake, however, to suppose that lead

does not cause in some instances a more widespread destruction.

This poison can, for instance, inflame especially the nerves supplying

the deltoid and other muscles in the shoulder and upper-arm groups.

In some cases, too, it invades the nerves of the legs, and when it is

thus widespread it may cause a state that may have some resem-

blance to the multiple neuritis of alcoholic origin. In my observa-

tion, however, the multiple neuritis of lead is not apt to be so widely
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and so uniforml}^ distributed as is tliat caused by alcohol. This

poison also occasionally produces a type of multiple neuritis which

has been called "pseudotabes," in which the sensory nerve endings

especially are involved and in which the predominant symptom is

ataxia. This type will be described later, with report of a case. The

peripheral neuritis caused by lead has been especially described by

Gombault,"' who found it most marked in certain nerve trunks, espe-

cially the radial (or posterior interosseus?), as is well known clinically,

and he described it as being of the segmental type, i.e., the inflamma-

tion is confined to some segments of the nerve. Gombault's observa-

tions (made in 1873) are especially noteworthy, as they were among

the earliest to lead to a general recognition of the fact that lead is a

cause of peripheral neuritis. He drew attention particularly to the

symmetry of the lesions in the absence of involvement of the central

nervous system. Multiple neuritis caused by lead is usually observed

in persons who have been exposed to the poison for long periods and

have probably absorbed it only in small doses at a time. Thus it is

seen especially in artisans who work in lead, as, for instance, workmen

in white-lead factories and painters. In these persons the jjoison is

probably largely absorbed from the alimentary tract. Thus in white-

lead factories, in which the air is charged with dust, the lead is proba-

bly mixed with the saliva and so carried into the stomach. Among
painters and other workmen who are careless in their habits, it is

probably taken in minute quantities with the food, which the work-

man holds with unwashed hands. Lead is used so extensively in

the arts that it may manifest itself in numerous other instances.

Some of the most common of these are in lead miners and smelters,

in workmen who roll sheet lead, shot makers, type founders, type-

setters, plumbers, lace makers, glass cutters, glaziers—who may
absorb lead from putty, file cutters, and calico printers. For details

of the efi'ects of lead as encountered in the occupations, the reader

may consult the author's paper on the Diseases of Occupations in

Vol. III. of this system. The preference of lead for some nerves,

especially the radial and posterior interosseous, is not readily ex-

X)lained. The poison seems to have a selective action for these par-

ticular nerves, just as atropine, mori)hine, and other organic poisons

have for i)articular nerve structures. The reason for its more wide-

spread effect in those jmrticular instances in which it causes a more

general multiple neuritis is also obscure. It produces a type of

multiple neuritis which differs in several respects from that caused

by alcohol. For instance, sensory symptoms, and especially pain,

are not nearly so cons})icuous.

Of great imi)ortance as exciting causes of multiple neuritis are the
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poisons of the various infectious diseases. The first place among
these should be given to diphtheria. It has long been known that a
form of paralysis sometimes follows inflammatory diseases of the

throat. One of the earliest observers who recorded such cases was
Bard, of New York, who, in 1771, published an inquiry into the

nature, cause, and cure of a disease which he called angina suffo-

cativa or sore throat distemper, in which he noted the occurrence of

paralysis. Earlier observations are said to have been made by
Lepois in 1580 and by Ghisi, an Italian physician, in 1747. Chomel
also has a reference to the disease having occurred in France in 1748.

Bard's observations, however, seem to have been the most accurate

and detailed. During the present century the occurrence of diph-

theritic paralysis has been generally recognized, but the identity of

the disease as a form of multiple neuritis dates from a comparatively

recent i)eriod. This identity has been satisfactorily established not

only by anatomical studies on the human subject, but also by experi-

ments upon animals. Among the most important of the latter are

those by Koux and Yersin, who inoculated animals with the toxins

of diphtheria and caused a paralysis similar to that which occurs in

man.

Sydney Martin, quoted by Osier,'" extracted from the spleen

and blood of persons who had died of diphtheria an albumose
which produced in animals, when injected under the skin, a paralysis

due to degeneration of the axis cylinders of the nerves. Other symp-
toms caused by this albumose were fever and emaciatioji. The
inference is that the cause of diphtheritic paralysis is a ferment pro-

duced by a bacillus, and that this ferment is the poison which causes

not only the paralysis, but the fever and wasting and other symptoms
of infection seen in diphtheria. The diphtheritic poison acts

slowly upon the nerves, as a rule, in the human subject, or, at least,

is not liberated until convalescence from the primary disease is well

established. Thus it is not uncommon for the patient to have en-

tirely recovered from the local disease in the throat, and to have even

got about, before the symptoms of involvement of the peripheral

nerves manifest themselves. I knew one instance, in a child, in

which the paralysis did not occur until the fifth week. The reason

for this latency of the diphtheritic poison for such comparatively long

periods is not plain.

Martin, in his observations just quoted, inclines to the belief

that these toxins are stored in the spleen. His explanation is that

the ferment digests the proteids of the body, forming albumose

and an organic acid, but that as a relatively large proportion of these

proteids stagnate in the spleen, the greatest quantity of the ferment
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is located there. It may be, according to this view, that the explana-

tion of the latency of the diphtheritic poison is to be found in this

fact, i.e., that the poison is stored up, as it were, in the spleen, and only

liberated gradually. Some such explanation as this seems to be

necessary for the peculiar action of the ferment. The old view, that

the inflammation spread by contiguity directly from the inflamed

tissues of the throat by way of the pharyngeal nerves into the nervous

system, is not tenable. The poison usually acts upon various and

widely distributed nerves, often simultaneously. It must therefore

be carried into the blood, and in cases in which its action is post-

poned for days or even weeks after the primary infection has sub-

sided, it must have been retained during this interval in some reser-

voir, as it were, within the body. Diphtheritic paralysis does not

necessarily occur after every malignant attack of diphtheria, nor is

every case the result of a malignant attack. In other words, there is

no definite connection between the severity of the primary attack and

the occurrence of the paralysis. Severe and long-continued symp-

toms sometimes follow mild attacks of sore throat. It has even been

claimed that non-diphtheritic sore throat may be followed by pa-

ralysis, but this is undoubtedly an error. The data of bacteri-

ology are now sufiiciently secure to prove incontestably that the

peculiar paralyses caused by infective sore throats are always due to

a specific poison generated by the bacillus of diphtheria.

Typhoid fever is occasionally followed by or complicated with the

symptoms of multiple neuritis. This complication or sequel has

been recognized for some years, the recognition having been strictly

contemporaneous with that universal recognition of multiple neuritis

which, during the last two decades, has placed that affection among the

most common of nervous diseases. I have discussed this subject in

my paper on " Muscular Atrophy and Perii)heral Nerve Changes fol-

lowing Typhoid Fever," already cited, and from which quotations are

made here in the text. Tyj^hoid fever i)robably comes next in order

to diphtheria as the infectious disease that most commonly causes

multiple neuritis. The various paral^^ses following enteric fever were

observed, of course, long before their true nature was recognized, and

were almost universally ascribed to involvement of the spinal cord.

Among the earliest observers to recognize the occurrence of neuritis

in typhoid fever was Sir James Paget,'" who in 1876 wrote that the

peroneal and ulnar nerves were especially liable to the invasion of this

poison. About the same time Tooth, and then Charcot and Marie, de-

scribed a peroneal type of progressive muscular atrophy. Murchison

noted hypersesthesia in the lower extremities in about five per cent, of

his cases of typhoid fever; and Hutchinson'°° had seen this hypersBS-
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thesia so marked that the lightest touch made the patient cry out witli

pain. This hypersesthesia or hyjjeralgesia, especially in the legs, even

on slight contact of the bedclothes, is well shown in cases recently

reported by Preston. '"° This symptom in the legs and toes is

piT)bably due to irritation of the sensory nerve endings. The predi-

lection of the typhoid poison for certain nerves is one of its marked
features. In this respect it resembles lead and the diphtheritic

poison. The nerves most frequently attacked by it are the pero-

neal and the ulnar. This paralysis, unlike that of diphtheria,

is not likely to follow mild cases of typhoid fever. All instances

noted by me have been in severe and protracted attacks of the

primary disease. Thus in one instance the patient had been ill for

sixteen weeks, having suffered two relajjses and several grave com-
plications, including an exhaustive hemorrhage from the bowels. In

his case the treatment had been by cold baths for hyperpyrexia, and
the suspicion was aroused that this treatment may have been partlj^

instrumental in causing the peripheral neuritis. This possibility,

I am convinced, is one of considerable importance, now that the

excessive use of the bath is becoming popular. Exposure to cold

and wet, we know, is an important contributing cause of multiple

neuritis in all cases in which the vitality and nutrition of the nerves

are diminished, as, for instance, in chronic alcoholism. Hence
there appears to be no good reason why such exposure in the cold

bath should not also act in cases in which the nutrition of the

peripheral nerve endings is disturbed by the action of the typhoid

poison.

Smallpox, as is well known, sometimes causes multiple neuritis,

Westphal found disseminated centres of inflammation in the spinal

cord in cases of smallpox, and a few observers have noted changes

in the nerves. Tlie forms of neuritis seen after smallpox may be

local or multiple. Thus the pharynx may be involved, or in some
cases a pseudotabes, no doubt due to the involvement of the nerve

endings, may occur.

Measles has occasionally been noted as a cause of paralysis, and
this paralysis is probably due in some instances to inflammation of

the nerves. Ormerod "" observed three cases of muscular atrophy in

one family following measles. The affection invariably began in the

legs below the knees. After some months, or even years, it invaded

the hand and forearm, and always affected the distal more than the

proximal segments of the limbs. He observed trophic lesions resem-

bling chilblains in these cases. The electric excitability of the af-

fected muscles below the knees was abolished and the partial reac-

tions of degeneration were seen elsewhere. From this description it

Vol. XI.—85
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seems probable that the affection consisted of a neuritis. Few
authors, however, make any reference to the occurrence of neuritis as

a complication or sequel of measles; consequently it is probably

rare in this disease. Duplaix^"' refers to an acute ascending paraly-

sis, observed in measles, which he judges is caused by a polyneuritis.

S. W. Morton has recently reported a case of multiple neuritis follow-

ing measles, in a child aged two years and eight months. Allyn,""'^ in

a study of forty-three cases of paralysis following measles, collected

from the literature, found that cerebral palsies are more common than

the peripheral. Some of the latter cases, as that of Liegard, are strik-

ingly like diphtheritic paralysis. Thus the patient, a child, had par-

alysis of the four limbs, head-drop, difficult deglutition, and extensive

anaesthesia of the skin. Landouzy claims that the paraplegic type

is the most common after measles.

Scarlatina rarely, if ever, causes multiple neuritis. Even those

cases that are complicated with malignant sore throat are not likelj'

to be followed by paralysis. This seems to show that the sore

throat in scarlet fever is not a true diphtheria.

Tuberculosis, as is well known, may cause an inflammation of the

peripheral nerves. One of the earliest observers of polyneuritis,

Eisenlohr, saw a i^atient with pulmonary tuberculosis who was

seized with jiaralysis and atrophy of the legs, associated with acute

pain, of rapid onset. In this case microscopical examination re-

vealed inflammatory changes in the sciatic nerves. Pitres and

Vaillard ^''" have studied the neuritis that is caused by the poison of

the tubercle bacillus. Leudet, before them, had noted neuralgias and

paralyses, accompanied with herpes and muscular atroph}', in cases

of phthisis, but he had ascribed to them erroneously a reflex origin.

It seems that the poison of tuberculosis has its special or selective

action somewhat like other poisons. Thus the sciatic nerves are

l)rone to be attacked. Peter has studied carefully one of these cases

of sciatica occurring in a case of tuberculosis. Many recent authors

have since made special studies of the inflammation of the nerves

which occurs in the course of tuberculosis. Prominent among these

are Joffroy, Striimpell, and Oppenheim. This infection of the i)eriph-

eral nervous system in tuberculosis may occur in patients in whom
tlie brain and si)inal cord and their meninges are exempt. It is

rather more common in the chronic than in the acute form. There is

no set time for the action of this cause—in other words, it may
occur at variable times during the course of tuberculosis. According

to Pitres and Vaillard, it is not common, however, in the final stage

of the disease. Alcoholic neuritis is sometimes associated with

tuberculosis, and the distinction between the action of these two causes
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must be made if possible. Kelynack found active tuberculosis in

seven out of eight cases of alcoholic multiple neuritis. He concludes

that the subjects of alcoholic paralysis are peculiarly liable to pul-

monary tuberculosis, and points out the necessity, therefore, of de-

l^riving these patients of alcohol, and the careful avoidance of any
possible tuberculous infection. It seems to me that one inference

here is, that in some cases of tuberculosis in which multiple neuritis

has been observed, this comi^lication may possibly be due to or pro-

moted by alcoholic poisoning. Men and women who expose them-

selves to the ravages of alcohol are often fit subjects for tuberculous

infection, and, on the other hand, persons suffering from jjulmonary

tuberculosis are sometimes induced, in the vain hope of cure, to drink

too freely of whiskey and strong wines. In either case the cause of

the neuritis may possibly be more justly suspected to be the alcohol

rather than the tubercle bacillus. This criticism has not been suf-

ficiently observed by most writers on this subject.

Pitres and Yaillard ^"'^
state that in tuberculous patients, in whom

the brain, the spinal cord, and the meninges are absolutely intact, there

may occur in the peripheral nervous system grave lesions present-

ing all the characters of a parenchymatous neuritis. The lesions,

according to these observers, may involve simultaneously a large

number of nerves, or even all the nerves of one or more members.
They are very pronounced in the terminal branches, but diminish or

disappear towards the central terminations of the nerve trunks and
are not found in the roots of the nerves. Hence the neuritis is prop-

erly perijjheral.

Recently Carriere has reported two cases of peripheral neuritis in

pulmonary tuberculosis. In one of these cases, contrary to the usual

rule, the symptoms of neuritis appeared very early in the case—only

about one month after the invasion of the bowels and lungs. All the

nerves below the knees were degenerated, but the sciatic nerves at

their exits from the pelvis were normal. In the second case the neu-

ritis was confined to the right median nerve. No bacilli were found

in the trunks of the affected nerves, and Carriere concludes that the

peripheral neuritis of phthisis is due to the action of a poison which

he believes identical with the toxins secreted by the bacillus of

Koch.

Another cause of multiple neuritis is leprosy. Many years ago

Danielsen and Boeck'^'" showed that leprosy may cause a perineu-

ritis. This neuritis is now recognized as an essential element in the

pathology of leprosy. It is the lesion, in fact, upon which depends

one of the well-recognized forms (the anaesthetic type) of the disease.

It is the cause not only of the anaesthesia, the paralysis, and the mus-
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cular atrophy, but also of the liiglily characteristic trophic lesions seen

in leprosy. The essential cause of lepros}^ is the organism discovered

by Hansen, which is found in great numbers in the nodules or tuber-

cles, but rarely in the nerve trunks. The trophic lesions, such as

bullae, pemphigoid blebs, and destructive ulcers and whitlows, are

the direct results of the inflammation of the nerves and are similar to

those that occur in other irritative lesions of nerves.

Leloir,"' in tracing the history of leprosy, says that many ob-

servers, following Danielsen, Boeck, Simon, Yirchow, and others,

had studied the lesions of the disease before their true cause was

known. They recognized that the tubercles of leprosy, which Leloir

calls lepromata, are composed of a tissue of granulations, very similar

in microscopic appearance to that produced in lupus, tuberculosis,

and syphilis, but evolving in general much more slowly towards

necrosis or absorption than in these diseases, and not, as in these,

being united in foci clearly separable from each other. They looked

in vain for a specific "cell," but they found in some lepromatous

tissue cellular masses of peculiar appearance, which were called the

"leprosy cells" of Virchow. They also observed the yellow granular

masses, which are now known to be masses of bacilli and spores.

These older observers also recognized the lesions in the nerves that

(jccur in leprosy, especially in their peripheral parts. The dis-

covery of the micro-organism of leprosy caused, of course, a complete

revolution in the manner of regarding the disease. It was first de-

scribed by A. Hansen, of Bergen, in 1874, and was colored by Neisser.

The bacillus, however, was searched for in vain for a long while in

the anaesthetic form of the disease. Finally, Hansen discovered it

in a lymphatic ganglion; then Cornil and Babes found it in the

neurilemma of a degenerated nerve, and Arning demonstrated it

in the nerves in two cases of anesthetic or trophoneurotic leprosy.

The bacilli, however, are very rare in this anaesthetic as compared

with the tubercular variety. Leloir seems to think that in the

nervous form of the disease the bacilli at some time disappear from

the body.

The demonstration of the bacillus of leprosy as a distinct cause of

the disease throws a flood of light upon both the etiology and patli-

olog3' of peripheral neuritis. It furnishes a striking example of the

irritating effect of an infectious agent upon the nerves. Wliether

this effect is due to the direct action of the micro-organism itself or

of some toxin liberated by it, is a pathological question. Consider-

ing, however, that the bacilli are not present in great numbers in

the nerve trunks in the ansesthetic form, it may be supposed as

probable that, as in so many other instances, the neuritis is caused
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really by some poison in the blood that has been elaborated by the

bacillus.

Syphilis, as already seen, has been accused, with justice, of caus-

ing neuritis, I have referred already to the thesis of Dubois, who
has described an inflammation of the sciatic nerve of syphilitic origin.

According to this author, the older observers had noted neuralgic

affections due to syphilis. The nerves may undoubtedly be invaded
by minute gummata, but they may also be the seat of irritation or

inflammation due to the syphilitic poison. There may be, as Dubois
claims, a virulent subacute neuritis analogous to that caused by
various other infections. These cases, of course, are to be distin-

guished from those in which the neuralgic pains are caused by the

compression of exostoses and other gross specific lesions. Syphilis,

however, is not prone to cause a widespread multiple neuritis. It

seems to attack especially the sciatic nerve, and in these cases great

care is needed to distinguish an inflammation of the nerve trunks

from spinal meningitis of syphilitic origin.

Septiccemia is an occasional cause of inflammation of the nerve

trunks. Instances have been observed in which a septic wound has

given rise to a more or less widespread multiple neuritis. Koth,

quoted by Gowers, recorded a case of a man who developed extensive

polyneuritis on the fortieth day after a stab wound beneath the

clavicle. The symptoms were paralysis of the tongue, vocal cords,

and limbs. As he had also developed a parotitis, it seems evident

that he was the victim of septic infection. I once saw a young man
who, after a slight stab wound of the ulnar nerve, developed symp-
toms of inflammation in several nerves of the arm. The specific

organism acting in these septic cases is possibly not always the

same. In a case reported by Riesman and the author,'^' a malignant

form of endocarditis occurred in a man aged about forty years. This

was complicated with a widely diffused polyneuritis, with involve-

ment of the posteromedian and posteroexternal columns of the spinal

cord. As claimed in that paper, it is not necessary to assume that

the disease agents causing these symptoms are the same in all

cases. We know, on the contrary, that specific and distinct infective

agents attack the endocardium with varying degrees of activity, as,

for instance, those of rheumatism, of chorea, and of scarlet fever;

but these have other and distinctive clinical features. There are,

however, some malignant forms of infection that make their habitat

principally in the heart and great blood-vessels. These cause a

well-marked form of ulcerative or vegetative endocarditis or endar-

teritis with widespread systemic effects, indicative of a profound

blood poisoning. Thus there, occurs in these cases a true hectic or
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typlioid type of fever, with sweating and emaciation, and in some

instances with a purpuric eruption of the skin. These symptoms

were present in the case referred to. While multiple neuritis of

wide distribution has not been commonly observed in such cases,

there is no a priori reason why such an infection of the peripheral

nerve endings should not occur. In our patient there was, however,

a distinct history of alcoholism, and this factor was probably active,

in association with the septic infection, in causing the neuritis. In

such a case the general poisoning of the blood by the sejjtic infec-

tion of the endocardium may prepare the soil, as it were, for the de-

velopment of an alcoholic neuritis.

The influence of malaria in causing multiple neuritis is a subject

about which not much has been written. In the higher latitudes of

the United States, where malignant types of malaria are practically

unknown, it is not probable that such a complication occurs. Some
observers in the tropics, however, have asserted that malarial

poisoning causes diffused inflammation of the nerves. Buzzard

refers to several cases of peripheral neuritis which occurred in

persons who had been exposed to pernicious malarial fever. There

was no doubt of the accuracy of the diagnosis. The sj^mptoms, how-

ever, were so characteristic of the type of polyneuritis caused by

alcohol that Blizzard was inclined to suspect that this was the

true cause of the disorder. In one case, in fact, the history of

alcoholism was very distinct. If a patient with multiple neuritis

comes from a locality in which malaria is rife, he or she will be

likely to attribute the symptoms to this poison. Care should always

be taken, however, to inquire into the possible history of exposure to

alcohol. The characteristic type of polyneuritis, with mental en-

feeblement, caused by alcohol should arouse the suspicion of the

observer that there was more than malaria acting as a cause. Forcli-

heimer^" states epigrammatically that there is not a nerve in the

body that seems exempt from malaria. He instances the well-known

neuralgia of the fifth nerve, and says that the sciatic nerve, the in-

tercostal nerves, and the nerves of the stomach are not uncommonly
affected. A rare form of intermittent torticollis due to malaria is

sometimes seen, according to this observer, but it is caused probably

by irritation of the meninges rather than of the nerves proper.

Forchheimer instances no form of multii)le neuritis as being com-

monl3' seen in malaria.

Among other instances of infectious diseases acting as a cause of

multii)le neuritis may be mentioned dengue. Buzzard refers to such

an instance in Avhich there was atrophy and loss of electrical excita-

bility in the tibialis anticus and extensor longus digitorum muscles,
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with anaesthesia of the corresponding surface ; but as this condition

did not occur until more than two years after the febrile attack, it

cannot with justice be ascribed to the latter.

Relapsing fever has been observed to be followed by multiple

neuritis. Ross (quoted by Buzzard) has published accounts of some
of these cases.

One of the most conspicuous examples of the infectious origin of

multiple neuritis is furnished by the disease known as beriberi. This

disease is apparently of infectious origin, that is, it is probably due to

some microorganism. It is endemic and contagious. It occurs prin-

cipally in Asiatic countries, especially China, Japan, and India, but

has also been observed elsewhere, as in Brazil. Some authors claim

that beriberi is not due to a microorganism, but to insufficient and

improper food. Some of the circumstances under which it arises

suggest the possibility of a scorbutic taint, but this element is denied

by most observers. According to Walker, '""' intestinal ]>arasites are

very common in patients suffering with this disease. Thus of 887

patients, 85.5 per cent, had the ankylostomum duodenale. Walker,

while he hesitates to admit that this parasite is the real cause of beri-

beri, thinks that it may be a predisposing factor. It is possible,

however, as he suggests, that the presence of the parasite is merely

a coincidence, its germs being taken in stagnant water along with the

specific germs of the disease. Putnam some years ago reported a

series of cases of multiple neuritis in fishermen on the banks of

Newfoundland. In these cases the disease seemed to have no cause

other than insufficient food and exposure to cold and wet. I cannot

but think from some of the accounts of epidemics of so-called beri-

beri that improper and insufficient food is an active or at least a

predisposing factor. A rice diet has been accused of causing the

disease, but, considering the vast populations that live on this staple

in Eastern countries, some other contributory cause is probablj^ active.

Takaki, a Japanese physician quoted by Sinkler,"''' controlled the

occurrence of beribier in the Japanese navy by supplying a diet

of fresh meat and eggs in addition to rice. Epidemics of multi-

ple neuritis resembling beriberi occur occasionally among sailors

during long voyages. In such cases a scorbutic element may be

suspected. Instances have occurred in ships carrying cargoes of

sugar, and have been ascribed to the carbonic acid gas arising as a

product of fermentation. Several patients with symptoms suggest-

ing beriberi were recently seen by me in the Philadelphia Hospital.

These men had just arrived from a long voyage in which they had

been exposed to privation and hard labor.

Cholera, according to Duplaix, is a cause sometimes of limited
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paralyses, which are accompanied ordinarily with disorders of

sensation. The clinical aspect of these paralyses is significant, as

Landoiizy has observed, rather of peripheral than of central lesions.

Both the motor and the sensory fibres are involved. From analogy

rather than from exact observation, we are led to suppose in these

cases the development of a multiple peripheral neuritis.

Among other infectious diseases, dysentery, erysipelas, and infiu-

enza do not appear to give origin to x>eripheral neuritis, or at least if

they do so the observations thus far are extremely rare. I have not

seen or heard of such instances. It is true that influenza, which has

been so extremely rife all over the civilized world in recent years, has

been accused occasionally of causing grave nervous complications,

among which may possibly be multiple neuritis. When we con-

sider, however, that the tendency has been to ascribe too much to the

grippe, we must hesitate before accepting the view that multiple

neuritis is one of its sequelae. Certainly a more exact criticism is

required to determine this question. Paraplegia has been ascribed by
Landouz}^ to dysentery. Various forms of paralysis, in fact, have

been observed since the time of Galen to follow dysentery (Whitaker).

Remak has suggested the idea of an ascending neuritis for this se-

quela.

Bheumatism has been considered by most writers to be an occa-

sional cause of peri];)heral neuritis. Gowers and some other writers

seem to attribute the neuritis that follows the exposure to cold to a

rheumatic humor in the blood. This, however, is entirely hypothet-

ical, and there is no scientific warrant for invoking rheumatism as the

cause under these circumstances. It is indubitable, however, that in

cases of acute and inflammatory rheumatism involving the joints

peripheral neuritis occasionally occurs. John Hunter was probabl}'

the first to note the fact that an inflammation of a joint frequently

causes rapid wasting of the muscles that move that joint, and that

this wasting is not the result of inaction, but is an active process,

and is frequently accompanied with i)aralysis. Such muscular

atrophy may even accomi)any non-traumatic synovitis, as was
observed by Duchenue. Vulpian, as most patliologists of his time,

attributed to these paralyses a reflex origin. Valtat in his thesis re-

viewed this whole subject, and called attention to the fact that the

paralysis may precede the atrophy in the affected muscles. He found

that the extensor muscles were the most profoundly affected. In ex-

periments on dogs he injected irritating substances into the joints,

and thus caused intense synovitis, which was followed by rapid and ex-

tensive atrophy, which might even involve the whole limb, although

the extensor muscles were most involved. Valtat, however, over-
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looked the true nature of the lesion ; as he found no signs of inflam-

mation in the affected muscles, he adopted Vulpian's theory of reflex

origin. This whole subject has been reviewed by Bury,'" who
concludes that in articular rheumatism we meet with muscular atro-

phy and paralj^sis, which he is inclined to ascribe to organic changes

either in the central or peripheral nervous system. He also calls

attention to the fact that peripheral neuritis may occur during conva-

lescence from rheumatic fever, in a limb in which there is no involve-

ment of the joint. This latter observation is of the utmost importance,

as it shows conclusively that the rheumatic poison circulating in the

blood may be the direct cause of inflammation of the peripheral

portions of the nerves. From accumulated evidence it seems possible

that the wasting and paralysis in direct association with inflamed

joints are due to the action of some septic substance thrown upon the

nerves in the neighborhood of the joints. This would explain the

fact that not only in rheumatism but also in traumatic and septic

forms of synovitis, this wasting and atrophy of muscles occurs.

While as a rule the muscles in connection with the joints are the first

and the most involved, yet in many instances muscles remote from

the joints may suffer ; this, of course, is still further in accord with

the view that the active agent is a poison circulating in the blood.

With reference to the presence of a rheumatoid poison in the blood in

cases in which cold alone has acted as a factor, and in which the

symptoms of acute rheumatism are lacking, I can only say that such

cases are entirely distinct from those here under consideration.

Arsenic, as is well known, may cause peripheral neuritis.

Symptoms of paralysis in arsenical poisoning have been noted for

many years. Seguin'"'* gives references to this subject dating back

as far as the thirteenth century. Beck, in 1838, noted a variety of

arsenical poisoning, in which there was first an inflammatory action

followed by a second stage, that of nervous involvement. The ner-

vous symptoms varied " from coma to a perfect palsy of the arms and

legs." Gibb ^°° records the case of a lady who had taken arsenic,

mostly Fowler's solution, for many years for a skin affection. She
suffered with neuralgic pains in the groin, shoulders, and sides,

followed by loss of power in her lower limbs. McCready"" relates

a case in which a woman rubbed white arsenic mixed with gin on the

head of her child, suffering with favus ; the child died in less than

two days, with its legs completely paralyzed. Popoff, of St. Peters-

burg, undertook an experimental study of arsenical paralj^sis; the

lesions were produced by administering the poison to animals. He
concluded that arsenic causes acute central myelitis, and the periph-

eral nerves remain normal even three months after the ingestion of the
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drug. These conclusions, however, are not in accord with those of

other observers. Mills'" has reported a series of cases of arsenical

poisoning caused by eating pumpkin pie, in which a large amount of

arsenious acid had been placed. In these cases the symptoms of

peripheral neuritis were well marked. These symptoms were pain

in the legs below the knees, paraesthesia, and loss of power. There

were also atrophy and the reactions of degeneration. In recent years

cases of arsenical paralysis have been noted as a result of the admin-

istration of this drug in large doses for chorea. Cases of this kind

have been reported by Potts, from the Hospital of the University of

Pennsylvania. This constitutes, in fact, a well-defined risk in the

administration of large doses of arsenic for this disease. Workmen
in arsenic are, of course, exposed more or less to the effects of the poi-

son. Among these workmen miners of tin, copper, and nickel ores,

and artisans who work with Scheele's green and Vienna green, may be

mentioned ; also paper-hangers and workmen employed in the manu-
facture of artificial fiowers. Arsenic occurs in some of the aniline

dyes. Putnam reported an epidemic of arsenical poisoning among
the children in an infant asylum, which was caused by arsenical dyes

in some dress-goods.

Mercury occasionally causes a peripheral neuritis; this vasij be

either local or difi'used. Intense pain is a not uncommon symptom
of chronic hydrargyrism as observed among the workmen in the

Spanish mines at Almaden. This begins in the extremities, usuallj^

in the great toe or thumb, and si^reads upwards from these points.

The pain is intense and lancinating, and is followed by loss of power.

Among local palsies are those of the extensors of the wrist and of the

muscles of the larynx. These were noted long ago by Vicente de

Arevaca.

Pneumonia, especially in children, as is well known, may present

grave complications in the nervous system. Among the most common
of these is hemifjlegia. Duplaix states that there is in pneumonia a

form of paralysis the evolution of which recalls sometimes dii)h-

theritic paralysis, sometimes Landry's disease. He suggests the

hypothesis of a peripheral neuritis for these cases.

Diabetes, as is well known, is complicated with a number of acci-

dents in the nervous system. The most consjiicuous of these, of

course, is diabetic coma. A not uncommon disorder, however, in

diabetics is a severe type of neuralgia. This is sometimes asso-

ciated, especially in the legs, with cramps. This form of diabetic

neuralgia has been recognized for manj-^ years. Its favorite seats are

in the sciatic, peroneal, and inferior dental nerves. Worms studied

these neuralgias in 1881 and did much to secure their clinical recog-
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nition. Cornillon in a study of twenty-two cases tried to establish

the theory that the neuralgia in diabetic patients is as much due to

uricsemia or a gouty diathesis as to hyperglycaemia, and that the

condition is not due to neuritis but to transitory changes iu the nerve

centres (Tyson). But this theory is excluded by the facts, now well

established, that these neuralgic pains in diabetes are frequently the

forerunners of well-marked motor paralysis, and that many of these

cases present unmistakably the features of peripheral neuritis. In a

case recently under my care in the Methodist Hospital, Philadelphia,

the patient, a woman aged sixty-one years, had marked symptoms of

peripheral neuritis, coming on in a few weeks after the onset of gly-

cosuria. The type of paralysis in this case was pseudotabes, which

will be described later. The various disorders in the nervous system,

caused by diabetes, have been ascribed by some to the presence in

the blood of acetone, which is a product of the decomj)osition of

sugar. More recently, however, the poison has been thought by

others to be an intermediate product between sugar and acetone—in

other words, an acetone-producing substance, as acetoacetic acid.

The influence of the puerperiiim in causing neuritis has already

been referred to in the section on diseases of the sacral plexus. This

influence is no doubt exercised by means of sepsis ; in other words,

there is introduced into the blood from a septic metritis or pelvic

cellulitis a poison which acts directly upon the nerve trunks or

their terminal branches. In the case of the nerves within the jjelvis,

however, this inflammation extends by direct contiguity. Whether
or not cases may arise of a more widesjjread multiple neuritis due to

sepsis following childbirth, is perhaps an open question. Some
observers have put on record cases of alcoholic multiple neuritis

occurring in childbed. It would seem almost as though women who
had reduced themselves by excessive indulgence in alcohol were

rendered more liable to the outbreak of neuritis by the exhaustion

from hemorrhage, etc., in childbearing. The explanation for this

probabl}' is that the nutrition of these patients is already depraved by

the excessive use of alcohol, and that the prostration of strength due

to the pain and hemorrhage caused by their labors prepares the sys-

tem for a manifestation of the activity of the poison. Hence care

should be taken in all these cases to determine whether or not there

has been exposure to alcohol. The occurrence of delirium tremens,

as I have pointed out elsewhere,"' as an accompaniment of the puer-

perium presents a subject of some interest and importance in the

diagnosis, and the same may be said of the occurrence of peripheral

neuritis in childbed. In women addicted to drink, pregnancy may
be an additional incentive to it, and the indulgence will usually, of
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course, be secret. The puerperium, with its depression and exhaus-

tion, may then precipitate quite unexpectedly an attack of neuritis.

Copland'""' was one of the first to call attention to the explosion, as it

were, of alcoholic complications in the puerperium. He had refer-

ence, however, more particularly to the outbreak of mental symp-

toms. But from my own observations I am convinced that symp-

toms of peripheral disease may also occur suddenly under these

circumstances. I have under my care now in the Philadelphia

Hospital a young married woman who recently miscarried in the

third month of her pregnancy. Within two weeks well-marked

symptoms of peripheral neuritis, of distinctly alcoholic type, set in.

The patient confessed to a daily indulgence in beer and whiskey.

She is a thin, anaemic, underfed woman, who has been much exposed

to cold and wet, and has done much hard work. In her miscarriage

she lost enough blood to prostrate her still further, and this appar-

ently precipitated an attack of peripheral neuritis. She has no signs

of sepsis.

The influence of cold and dampness in the causation of peripheral

neuritis is an important one. It is not an easy one to explain

according to our present ideas of a humoral pathology. Gowers, as

already said, has suggested that under the influence of cold a rheu-

matoid poison is generated, and that this causes an inflammation of

the nerve trunks or their terminal branches. But I can see no war-

rant for adopting such an hypothesis. In these cases cold and wet

seem to me to act largely as contributory causes. When the sys-

tem, for instance, is surcharged with alcohol or some other poison

in the blood, such exposure, by diminishing in some way the resisting

power, may be the immediate cause in precipitating an attack of

neuritis. It does this probably by diminishing or altering in some

way the blood supply to the peripheral nervous system, the vitality

of which being thus lowered, these delicate nerves feel the more

easily the poisonous effects of the alcohol. I have seen many such

instances. In fact, it is not uncommon in my observations at the

Philadelphia Hospital to see patients whose attacks of peripheral

neuritis were immediately caused by hard work and by exposure in

the midst of cold and dampness. Whatever the theoretical explana-

tion may be the clinical fact is indubitable.

The influence of sex in the causation of multiple neuritis is ovly

secondary and contributory. Women undoubtedly suffer rather more
frequently from alcoholic multiple neuritis than do men. This is

probably due to several causes. Thus women have probably less

resisting power, owing to a more delicate structure of the nervous

system, than have men. Moreover, in the class of women in which



MULTIPLE NEURITIS. 397

the disease is most common, the patients are not infrequently

reduced by household drudgery, i)oor food, and over-childbearing.

Under these circumstances some women form a bad habit of constant

tippling, taking small quantities of whiskey or beer at short intervals

during the day, and as a consequence not eating a sufficient quantity

of food. They thus lay the foundation for the disease in its most

aggravated type.

The influence of race in determining multiple neuritis is not

marked.

Among rarer causes of multiple neuritis may be mentioned oxide

of carbon and sulphide of carbon. Leudet has described a neuritis due

to carbonic oxide. The symjjtoms may appear immediately after

the exposure or may not develop for some days. The paralysis may
be limited to one limb but usually extends to others. Sapillier has

demonstrated that poisoning by sulphide of carbon may cause pa-

ralyses which attack by preference the flexors of both the upper and

lower limb. Phosphorus also has been observed to cause neuritis.

In ergotism there is sometimes an involvement of the sensory and

motor nerves.

Symptoms.

The symptoms of multiple neuritis are motor, sensory, trophic,

visceral, psychic, and those that are manifested in the special senses.

The Motor Symptoms.—The motor symptoms may be subdivided

into five classes, viz.
,
paralysis, cramps, tremor, ataxia, and contrac-

ture. I shall describe these in the order given.

Paralysis is, of course, one of the most common and striking

characteristics of peripheral multiple neuritis. It may be said,

indeed, to be almost a constant symptom, since there are few cases

in which it is not seen; but it must be remembered that it is not

absolutely constant, since in one class or type of cases

—

i.e., the

ataxic or pseudotabetic variety—it is not necessarily seen.

In order to understand the type of the paralysis present in mul-

tiple neuritis it is desirable to recall its exact mechanism. This

paralysis is caused by an interruption or destruction of the axis

cylinder of the peripheral motor neuron, which, as already ex-

plained, has its cell body or trophic centre in the anterior cornu

of the gray matter of the spinal cord. Not only the power to move

the muscle but also the tone, the electrical reactions, the reflexes, and

the nutrition of the muscular mass depend upon the integritj^ of this

peripheral motor neuron. This multiplicity of physiological func-

tions in the muscle dependent upon the neuron must be clearly

understood by the student of nervous diseases in order that he may
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obtain an adequate and systematized idea of the kind of palsy seen

in multiple neuritis. In other words, he must realize that the pa-

ralysis is only one of several associated symptoms, and that this

characteristic association of symptoms is seen under no other cir-

cumstances of disease in the body. As a consequence of this

association the paralysis of multiple neuritis is of the flaccid and

atrophic variet3^ The muscular tone is markedly lowered and the

nvitrition of the muscles suffers promptly. This results in the muscle

becoming flaccid and soft, and losing weight and bulk exactly pro-

portionate to the number of its neurons involved and the complete-

ness of their impairment. With this wasting and lowering of the

muscle tone there occur promptly alterations in the response of the

muscle to electricity and an abolition of its tendon reflex. Thus the

alterations in the muscle in peripheral multiple neuritis are paraly-

sis, flaccidity, atrophy, loss or alteration of its electrical reactions,

and loss of its proper tendon reflexes. While these are the five

cardinal i)oints in the muscular phenomena of multiple neuritis,

it must not be supposed that they are all equally distinct in every

given case. Their association varies somewhat according to circum-

stances, i.e., according both to the extent of the inflammatory process

in the neuron and also to the individual poison acting to promote this

inflammation. In minor degrees of inflammation, for instance, the

motor x^aralysis may not be complete, and yet in these cases, after a

few days, the response of the muscle to faradism may be abolished.

Again, in some cases, although the paralysis may be promptly estab-

lished, the atrophy of the muscle does not advance to a marked stage

before a tendency to recovery stays its progress. In such cases the

muscular tonus may not be absolutely impaired. As a rule, how-

ever, it may be said that the order of these phenomena is as follows

:

The first symptom manifested is ijaralysis. Next is diminution or

abolition of the ^radic contractility, to be followed later by flaccidity

sufficiently advanced to be recognizable; and then, later still, by per-

ceptible atroi)hy. The order of occurrence of impaired reflexes varies

somewhat. According to the observations of some writers, the

reflexes at first may be even slightly exaggerated, to be followed by
gradual diminution and ultimate abolition. In my observation, how-
ever, exaggerated reflexes, even in the earliest stages, are practically

unknown. I cannot recall an instance.

The individual poison acting to cause multiple neuritis may
present some characteristics that distinguish it from other agents.

This, however, is with reference not so much to the degree as to the

distribution of the multiple neuritis. As a rule, however, these toxic

agents manifest some special characteristics, even in their mode of
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attack. Thus alcohol often acts with extreme malignancy. Before

its onslaughts the neuron and the muscular tissue sink rapidly and
all the motor features of peripheral neuritis, as just enumerated,

show themselves with extreme rapidity. This is all the more note-

worthy because in these cases the alcohol has been taken, as a

rule, during long periods of time before it suddenly breaks loose, as

it were, ui)on the peripheral nervous system. Lead, on the other

hand, is usually rather more gradual in its attack. The atrophy is

especially slow, as a rule, in appearing and the reactions of degen-

eration may not be complete until the paralysis or paresis has lasted

for a comparatively long time. These cases vary, however, and some
are more explosive than others. In cases of diphtheritic paralysis

the onset is often quite unexpected and after convalescence has been

apparently satisfactorily begun. In these cases the motor weakness

is very marked from the beginning, but as many of them tend to

recover promptly with proper care and treatment, they do not

advance, as a rule, to marked wasting and degeneration of the

muscles. Hence in mild cases with considerable paralysis there

may be only a partial reaction of degeneration.

The distribution of the paralysis in peripheral neuritis varies ex-

ceedingly. As a rule, however, the paralysis is usually symmetrical,

i.e., appears in corresponding groups of muscles on both sides. This

is one of its most marked characteristics, and is due, of course, to the

fact that the poison circulating in the blood is carried equally to the

nerve trunks and their terminal branches on both sides. This serves

to distinguish multiple neuritis from many forms of paralysis due to

central disease, especially diseases of the brain.

Another characteristic is the tendency of the extensor muscles to

suffer more than the flexors. This gives rise to some of the most
noted features of multiple neuritis, such as the wrist drop and foot drop,

that are so commonly seen. These sym^jtoms are caused, of course,

in the case of the hand and forearm by paralysis of the extensor of

the wrists and fingers, and in the case of the feet by paralysis of the

peroneal group, the tibialis anticus, and the extensors of the toes.

In estimating this paralysis of the extensors, an important physio-

logical law must not be overlooked, namely, that the contraction of any
muscular group that assumes, in any coordinate movement, the prin-

cipal role is dependent upon the integrity of other and often anta-

gonistic groups. It was demonstrated, especially by Duchenne and
Winslow, and has been confirmed universally by clinicians, that in

every volitional movement antagonistic muscles contract simultane-

ously. It thus happens, for instance, that the movement of flexing of

the wrist and fingers demands, in order to be executed normally, a
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simultaneous contraction, more or less strong, of the extensor muscles

(Babinski) , Therefore in paralysis of the extensor muscles of the

hands and feet, so marked in multiple neuritis, there often appears

to be more or less impairment of power in the flexor muscles of these

parts. In lead palsy, for instance, in which wrist drop is often ab-

solute, the patient usually has a much diminished power or grip in

the hands. This movement is not only impaired in power, but it is

also performed in an awkward or incoordinate manner; but this,

for the reason already explained, is not an evidence of true paralysis

in the flexor group of muscles. In very advanced cases, however,

even the flexor muscles may be involved, as is shown by their flaccid-

ity and the reactions of degeneration.

Another characteristic of multiple neuritis is the tendency of the

distal muscles of a limb to be paralyzed to a greater degree than the

muscles whose points of origin are in or near the trunk. Hence, in

the arm, the muscles of the hand and forearm are more likely to

be completely paralyzed than the muscles of the upper arm and

shoulder , and in the lower limb, the muscles of the leg and feet are

more paralyzed than those of the thigh and hip. This is in accord

with the fact that the poison causing multiple neuritis expends

its energy not only in the peripheral distribution of the nervous

system, but also in the peripheral distribution of the blood-vessels.

This law of distribution seems to indicate that the axis cylinders of

the peripheral motor neurons are the more likely to suffer from

the effects of a poison in the blood the farther they extend from

their trophic centres—the cell bodies of the neurons. This clini-

cal fact does not support the view of Marie and others, that the axis

cylinder of a neuron draws all its nutritive supply from its cell body

;

but it indicates that the axis cylinder is nourished in its course pos-

sibly at the points of constriction between the nodes of Kanvier. If

this latter view is correct, it would follow that the axis cjdinder at its

periphery may for some reason feel the direct devastating effects of

a poison in the blood, while its more central portion and its cell body

itself entirely escape. The clinical fact, whatever may be its ex-

planation, is as here stated. In these cases, consequently, the

patient presents the appearance of distinct i)eripheral palsy, marked

not only in the extremities but in the distal segments of the extremi-

ties? There may, it is true, be cases of multiple neuritis of irregular

distribution in which this appearance is not well marked, but in the

majority of cases the rule holds good. Thus these cases present

a characteristic clinical appearance which serves to distinguish them

from cases of paralysis due to other lesions.

In the ui)per limb the paralysis, according to the rule laid down,
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affects tlie muscles of the liaud and forearm more than those of the

upper arm and shoukler, and the extensor muscles more than the

flexor. In the ordinary t37)e of case the muscles most involved are

the extensor carpi radialis, extensor carpi ulnaris, extensor communis

digitorum, and the extensors of the index and little fingers. The ex-

tensor proprius pollicis is not always so markedly involved. As a

consequence of this paralysis the attitude of the arm and hand is as

follows : There is the characteristic wrist drop, the hand being held

in the attitude of i:>ronation or semipronation. If the hand and arm

are placed upon a horizontal plane, the former is seen to be slightly

adducted. As a rule, all the 'phalanges are not equally paralyzed;

the second and third may be still slightlj^ extended. Usually the

phalanges of the thumb cannot be extended, although this rule is not

absolute. Abduction and adduction of the hand are weakened or

abolished. As already explained, the flexor muscles, even though not

paralyzed, cannot contract and perform coordinate movements in a

normal way. This is due to the fact that normally coordinated move-

ments require the activity of antagonistic groups of muscles. It is a

mistake, however, to sujjpose that the flexor muscles are always ab-

solutely exempt in multiijle neuritis. In aggravated cases they too

are involved, and altered electrical reactions prove this. They

are never, however, involved so early or so markedly as the

extensors; and consequently, when contractures take place later in

the case the limb is always held in a position of partial flexion. In-

volvement of the muscles of the upper arm, while not as a rule so

marked as that of the muscles of the forearm and hand, is yet nearly

always seen to some extent in multiple neuritis. The location and

degree of the paralysis vary, of course, according to the nature of the

case. Not uncommonly the paralysis presents the so-called brachial

type in which the group of muscles originally pointed out by

Duchenne is involved. These muscles are the deltoid, biceps,

brachialis anticus, supinator longus, and occasionally the infra- and

sujjraspinati and the pectoralis major. These muscles seem to con-

stitute a physiological group, which, as is well known, can be thrown

into conjoint activity by faradizing the brachial plexus at a point just

above the clavicle. In multiple neuritis they are usually associated

in the paralysis. As a consequence the attitude of the arm is quite

characteristic. The arm lies against the trunk, rotated inwards, with

the forearm in a position of semipronation (Fig. 41). The

patient is unable to abduct the arm from the trunk or to rotate it out-

wards. Moreover, the forearm cannot be flexed at the elbow, but if

passively flexed it can be extended by the patient. Occasionally this

type of paralysis is not absolute. One or other of these muscles may
Vol. XI.—26
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be paralyzed more than the other members of the group. The del-

toid is perhaps especially apt to suffer. In advanced cases or cases

of an aggravated type, the extensor muscles on the back of the arm

may also be involved.

A special type of paralysis of the arm and hand, called the " Aran-

Duchenne type," has been described. In this type the paralysis and

atrophj^ are usually marked in the hand, especially in the thenar and

hypothenar eminences, the interossei muscles, in particular the ab-

ductor indicis. This type usually begins in these small muscles of the

hand, and is slowly progressive. Later it involves the deltoid, the

extensors and flexors of the wrist, the supinators, the biceps, and the

triceps. In this type the paralysis usually begins on one side and

Fig. 41.—Alcoliolic Multiple Neuritis. (Philadelphia Hospital).

passes eventually to the other. This type of paralysis is not common
in multiple neuritis. While it is probably due to some form of

degeneration or inflammation of the motor neurons, it cannot properly

be classed with the ordinary cases of the disease here under consid-

eration.

In the lower limb, as in the upper, the i)aralysi8 is most marked

in the muscles the most remote from the trunk. Thus the muscles

below the knee are the earliest to suffer, and in most cases continue

all through the case to Ije the most involved. The muscles especially

affected are the peroneal group, the extensor longus digitorum, the

extensor proprius pollicis, and the tibialis anticus.
,
The paralysis

of these muscles i)ermits the foot to assume the characteristic posi-
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tion known as foot-drop. This is strictly analogous to the hand-

drop already described. In this attitude the foot drops until it

is almost or quite in a straight line with the leg. The i)Ower of

extension is usually absolutely abolished. The phalanges of the toes

at the same time are flexed, and the patient usually has no power

whatever to move the toes. This loss of power in the extensor muscles

causes a characteristic gait, when the patient is still able to walk.

Thus the patient, because of his inability to extend the foot, is

obliged to lift it very high in order that the toes may clear the

ground. As he does this, the foot hangs apparently as an inert mass

and when it comes down strikes the ground first with the toes, in

marked contrast with the gait of tabes, in which the heel first strikes

the ground. This gait is known by the French as the "gait de step-

page." It has been graphically called "the turkey gobbler walk."

Moreover, the outer border of the foot drops, so that when the patient

puts his foot upon the ground he strikes with the external border

first. This is due to jjaralysis of the peroneal muscles. As in the

case of the arm, however, the extensor muscles are not the only ones

paralyzed in aggravated types of multiple neuritis. The sural or calf

muscles may also be involved. They become flaccid and atrophied,

and present the reactions of degeneration. As in the arm, however,

they are not so early or so completely paralyzed, as a rule, as the

extensor muscles. Babinski calls attention to the fact that in rare

cases paralysis of the triceps muscles may be most marked. The

position of the foot is then different from that already described.

In place of falling, it is raised at a right angle to the leg, and the

movement of extension (or dorsiflexion) is preserved. In walking

the patient then, at the moment of placing his foot upon the ground,

strikes -first with the heel, resembling in this respect a patient with

locomotor ataxia. Babinski states that he has seen an example of

this gait in a patient suffering with peripheral neuritis. In this case,

however, there was an associated paralysis of the peroneal muscles,

permitting the external border of the foot to fall. The thigh muscles

are usually not exempt in peripheral neuritis, although, as a rule,

they are not involved so early and so completely as the muscles of the

leg. The quadriceps extensor is often paralyzed and atrophied, and

may i)resent the reactions of degeneration. The flexor muscles on

the back of the thigh are usually not so much impaired and in

course of time they become contractured and hold the leg partly

flexed at the knee. This contracture of the hamstring muscles con-

stitutes one of the embarrassing features of aggravated cases of mul-

tiple neuritis.

The muscles of the trunk are not exempt in multiple neuritis.
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One of the most serious complications of the disease is paralysis of

the muscles of respiration. In some cases this is so marked that the

expansion of the chest is seriously impaired, or even, as I have seen

it in the upper part of the chest, entirely abolished. This is proba-

bly due in part to involvement of the long thoracic nerve, which sup-

plies the serratus magnus muscle. The phrenic nerve also may be

paralyzed in some forms of multiple neuritis. This involvement of

the respiratory muscles constitutes a grave risk to these patients.

The interference with the proper expansion of the lungs leads to a

catarrhal state of the bronchial mucous membrane, and may even

induce pneumonia. In these cases this complication is almost neces-

sarily fatal. This is so especially when the heart muscle is involved,

as sometimes happens; this will be described later. The paralysis

of the muscles of respiration may be determined by placing a tape

measure around the chest and bidding the patient take a long breath.

In grave cases it will thus be found that the expansion of the chest,

which is normally to the extent of from two and a half to three and

a half inches, is reduced to probably one inch or may even be abol-

ished entireh^ This examination should never be neglected in the

study of these cases.

The muscles of the head, face^ and neck are not involved, as a

rule, in peripheral neuritis. The facial muscles have been seen to be

paralyzed in rare cases. The muscles of deglutition, however, are

impaired notably in the type of peripheral neuritis caused by the

diphtheritic poison. This is never so, however, in cases due to alco-

hol. The trajoezius and sternocleidomastoid muscles also are not

involved in the ordinary type of multiple neuritis. In diphtheritic

paralysis, however, the head may drop forward because of paralysis

of the trapezius muscle. The muscles presiding over i;lie functions of

the bladder and rectum also escape in this disease. In rare cases

the vocal cords are paralyzed. This is probably due to involvement

of the pneumogastric nerve, which also causes the tachycardia not

infre(iuently seen in these cases.

The occurrence of cramps in multix)le neuritis is probably not so

rare as is indicated by the fact that few if any writers refer to the

subject. In my own observations I have attempted, sometimes in

vain, to elicit a history of cramps from patients or their friends, but I

am convinced that this symptom is not uncommon. My attention

has often been called to the subject by a statement of a patient, par-

ticularly in cases of alcoholic multiple neuritis, that he or she liad

suffered with cramps in the legs in the early stages of the disease. I

have myself seen some marked manifestations of this symptom, but

have had to rely in many cases u])ou the statements of the i)atients
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themselves. lu such cases, of course, the severe x>aiiis in the legs

might possibly be erroneously called cramjjs by a patient whose
mental faculties were blunted by chronic alcoholism. There seems
to be no a^nm reason, however, why cramps should not occur in the

very early stages of perij^heral neuritis. The poison at this stage

might act first as an irritant, sufficiently powerful to excite cramps or

painful contractions in the muscles. Yulpian and others demon-
strated that pressure on a nerve trunk induces cramps in the mus-
cles supplied by that particular nerve. This is an early symptom,
and seems to indicate a reaction of the neuron to an irritant lesion.

Later, of course, after the vitality of the neuron is lowered and its

function is impaired or suspended, cramps are not possible. This

manifestation of the hyperexcitability of the neuron and its mus-
cle in an early or irritant stage of neuritis might be looked upon
as analogous to the hyperexcitabilitj^ of the muscle to electricity,

which we know is seen as an early phenomenon of the reaction of

degeneration.

As will be seen later, in the section on contracture, Babinski

claims that cramps are not uncommon in multijjle neuritis, but he

applies this term evidently to the more or less prolonged and sus-

tained contractures which usually occur in the early stages of the

disease. These early painful contractures or cramps are rather more
persistent and rather less painful than that state of a muscle which is

usually denominated "cramp." They may, however, be overcome

by passive extension, and, as they cease to be painful as soon as the

muscle is thoroughly extended or relaxed, they bear undoubtedly a

close analogy to a true cramp. Moreover, as they occur before the

muscle has degenerated, they are presumably due to a contracture of

true muscular tissue and not to a mere retraction of the fibrous

tissue of a degenerated muscle.

Tremor has been noted by many writers in cases of multiple

neuritis. It is not uncommonly seen in alcoholic subjects. This

tremor is usually of the vibratory type {i.e., of rapid oscillations),

and is much increased hj voluntary movement. It is a symptom
seen also in poisoning by lead and by mercury. It is not always

easy, however, to eliminate from these cases the etiological factor

of hystesia. The toxic hysterias, as, for instance, the hysteria

due to lead or to alcohol, present some difficult problems. It is

common to attribute all the patient's nerve symptoms to the poison

from which he suffers; whereas there may be a grave psychical

element, which acts in its turn to produce symptoms simulating

organic disease. Few clinicians can have failed to observe hysteri-

cal sj-mptoms in chronic alcoholics ; and this same class of symp-
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toms ma}^ be seen occasionally in cases of poisoning by lead and

mercury. Pitres"" reports a case of hysterical tremor following

delirium tremens. The patient had other hysterical symptoms,

and his tremor was cured with a magnet. Letulle'" has described

the hysterical sj^mptoms supervening in the course of chronic

mercurial poisoning. Among these were hemitremor, sometimes

transferable from one side to the other. The tremor of mercury

has been stopped by faradism, or by causing the patient to squat

and walk in this position, although when erect he could not walk for

the tremor. The fact seems to be, as I have said elsewhere, that

the metallic poisons, as well as alcohol, can excite hysterical symp-

toms in predisposed x^ersons ; and among these symptoms one of

the commonest is tremor. The fact of alcohol being a well-known

hysterogenous poison is a jjresumptive proof of the same power in

lead and mercury, and especially with reference to tremor. But

while the various poisons that cause multiple neuritis can also excite

an hysterical tremor, they do also indubitably in many cases excite

a tremor which is organic. The necessity for distinguishing these

two types of tremor is very great, and can best be done by noting the

influence of suggestion and the presence or absence of other and con-

firmatory hysterical stigmata. It is also a question in these cases

whether a tremor, even of organic origin, can properly be looked upon

as due to a neuritis, even though it coexists with the other sjanptoms

that are caused by neuritis. Tremor, in fact, is probablj^ due to

impairment of the nerve centres rather than of the nerves themselves,

and if it exists along with the symptoms of neuritis, is rather a coin-

cidence than otherwise. In fact, as the symptoms of neuritis become

more and more pronounced, the tremor, in my observation, is likely

to disappear. It seems then to be gradually supplanted, as it were,

by the symptoms that indicate an impairment of the transmitting

power of the axis cylinders. This is what we should expect if tre-

mor is due to an incoordinate action of the nerve centres. This

could only show itself so long as the axis cylinder was able to

transmit impulses, even though these impulses arose from incoordi-

nating centres. As soon as this transmitting power became impaired

by inflammation and degeneration of the ])eripheral portions of the

axis cylinders, no impulse could pass; and consequently the tremor

would be supplanted by a flaccid i)aralysis. It thus seems that,

strictly speaking, tremor cannot be regarded as a symptom of i)eriph-

eral neuritis. It is rather a symptom, independent and preexistent,

of the poisonous action of the substance which has also caused the

neuritis.

Ataxia, or incoordination, is a not uncommon symptom of pe-
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riplieral neuritis. It characterizes, indeed, a distinct tyi)e of tlie

disease, namely, the sensory type, or the so-cailed " x)seudotabes.

"

I have reported cases of this form of peripheral neuritis in a imj)er

already referred to." In 1884Dejerine"'^ described a disease which

he called neruotabes pSripMriqne, and which was ijractically the ataxic

type of peripheral neuritis. His paper was founded upon the clinical

histories and autopsies of two patients who had been sujjposed to

have locomotor ataxia. The symptoms in these patients, both of

whom had used alcohol to excess, were incoordination, anaesthesia,

abolition of the knee jerks, atrophy, and slight paresis, without

symptoms of involvement of the eyes or bladder. At the autopsies

changes were found in the cutaneous nerve endings, and to a less

extent in the intramuscular nerves, and no changes whatever in the

spinal cord, nerve roots, or ganglia. Dejerine was probably the first to

call attention to this form of multij^le neuritis, and deserves the credit

of demonstrating the striking resemblance of these obscure cases to

locomotor ataxia. Dreschfeld ""' about the same time described a

type of alcoholic ataxia characterized by incoordination and loss of

knee jerks with lancinating pains, but without atrophy or i)aralysis.

Kriiche^" also wrote a pajjer on "Pseudotabes in Alcoholics."

These observers had only noted symptoms which had been seen and
described before, notably by Wilkes'"" and Leudet,"" but which had
not been ascribed to their true cause. The latter writer, for instance,

had described the same combination of symptoms, anaesthesia,

hypersesthesia, disordered gait, and paresis, and thus came near to

describing what we recognize to-day as the ataxic type of polyneuri-

tis. This type was still more clearly differentiated by Leyden, in

1888, under the head of acute ataxia, for which he borrowed from the

earlier paper of Dejerine the title of "neurotabes peripherica."

It may be said in general terms that all these cases of pseudotabes

or acute ataxia are instances of the sensory type of multiple neuritis as

described by Leyden, and that their pathological anatomy is probably

that originally described by Dejerine, namely, involvement of the sen-

sory nerve endings with a slighter degree of inflammation in some
cases of the intramuscular nerves. Hence the common symptoms
are anaesthesia, hyperaesthesia, ataxia, and abolition of the knee jerks.

In not a few of these cases there is also some degree of jjaresis and

muscular atrophy, although these often require close observation to

determine them. From this pure sensory type, with ataxia, all

degrees of severity occur up to well-recognized forms of multiple neu-

ritis with general involvement of the sensory and motor nerves.

This type in its purity closely resembles locomotor ataxia, although

the eyes and the bladder are not involved. This exemption consti-
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tutes an important point for differentiation. Paralysis may be so

little marked in these cases that when the patients are lying down
they have comparatively good control of the limbs, but on attempting

to walk the ataxic gait becomes at once evident. This ataxia is no

doubt due to involvement of the peripheral sensory neurons, and

hence is strictly analogous to that which occurs in locomotor ataxia.

The difference in the x^athology of the tAvo affections as regards the

sensory neurons is simply in the location of the disease process. In

multiple neuritis the inflammation is localized in the terminal

branches and arborizations of the sensory neuron in the skin, while

in locomotor ataxia it is localized in the ganglia of the x^osterior root

and in the extension upwards of the sensory neuron in the posterior

column of the spinal cord. The gait of these patients closely resem-

bles that of locomotor ataxia. There may be the same flapping gait,

in which the patient brings his heel first to the ground, as in tabes.

If, however, as not unusually happens, there is some jjaresis of the

extensor muscles of the foot and toes, the patient may have some

degree of foot-drop, and may then x^resent the high-stepping gait,

already described, in which, in order to clear the ground, he is

obliged to lift the foot very high, and strikes the ground first with

the toe. These patients also sway violently with the eyes shut, and

have the same difiiculty in walking in the dark that is experienced by
a tabetic. They also, as a rule, have a sense of numbness in the feet,

which causes them to feel as though they were standing or walking

on some soft substance. The true exx^lanation of this ataxia is no

doubt to be found in the affection of the sensory neurons, just as in

tabes. There is abolition of the muscular sense and of the sense of

location and distance necessary for the proper coordinating of the

movements of the feet and legs. This ataxic type of multiple neuri-

tis may occur not only as a result of alcohol, but also of lead and

dix)htheria. In one case, which I have reported, the patient had been

exposed for many years as a painter to lead, and he had also indulged

freely in alcohol.

Contracture is one of the most important symptoms of multiple

neuritis. It is usuall.y, but not necessarily always, a late symptom.

It is most marked in the leg, especially in the flexor muscles on the

posterior parts of the thigh. Contracture of these hamstring muscles

causes a partial flexing of the leg at the knee, so that as the patient

lies in bed in the dorsal position the knees are usually slightly

elevated and the feet rest ux)on the heels (see Fig. 41). This is quite a

characteristic attitude in peripheral neuritis. These contractures are

usually the cause of much ])ain and distress to the patient. In some
cases the slightest movement or attempt at extension, either active or
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passive, causes cries of distress or exi^ressions of pain on the face.

In the earl}' stages the contracture may usually be overcome by
firm persistent efforts at extension by the physician or attendant.

The pain caused by this i^assive extension seems to be relieved as

soon as the legs are completely straightened out. When left to

themselves, however, the legs quickly assume the position again of

contracture. That contractures are not necessarily late phenomena in

multiple neuritis, I have had ample opportunity to verify. In fact,

I think a tendency to contracture of the hamstring muscles is

ver}^ early witnessed in most cases of the disease. In the early

stages these contractures, as already stated, may be overcome with

passive motion; but in later stages they become more set, so that

complete extension of the legs may become quite impossible. In a

case recently examined by me, in a young woman suffering with an
acute form of alcoholic multiple neuritis, the contracture of the

flexor muscles of the legs was well marked, although the patient was
only in the third week of the disease. In her case they could be

overcome by firm and persistent efforts at extension, but these

attempts caused her acute pain, of which she complained bitterly.

Other muscles or muscle groups besides the flexors of the leg may
present contractures. In fact, as these cases advance, most of the

flexor muscles, being unopj)osed bj^ the paralyzed extensors, pass into

a state of more or less persistent contracture. The sural group of mus-
cles, for instance, may be in this condition. Thus the foot is not

only dropped, but it is held extended by a contracture of the muscles

attached to the tendo Achillis. This may cause a rigid extension of

the foot, which in advanced cases cannot be overcome even by passive

motion. In the arms the muscles most affected by contracture are

the flexors of the hand and wrist. There is usually little if any con-

tracture of either the flexor or extensor muscles of the ui)per arm,

but the tendency here also is for contracture of the flexors to pre-

ponderate, thus causing slight flexion of the arm at the elbow.

These contractures in multiple neuritis appear, as just described, in

the flexor or least paralyzed group of muscles. That they are partly

due to the unopposed action of the muscles involved is evident. As
these muscles, however, are probably never entirely exemj)t from the

action of the poison, it Avould probably be erroneous to claim that the

contracture was entirely a negative, rather than an active, result of

the disease. That they are in some way diie to the direct action of

the poison upon the neurons or the muscular fibres, or both, seems

to be indicated by the acute symptoms which they present in many
cases. These symptoms especially are the pain, not only on effort

at extension, but also on jiressure or even gentle handling, of the
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contractured muscles and their tendons. This severe pain on han-

dling would scarcely be witnessed in a normal muscle or tendon. If

careful investigation is made in these cases, it will be found usually

that the hamstring tendons and muscles are hypersensitive to the

slightest touch, especially in the early stages of the disease. Later,

after the contractures are well established, this tenderness is not so

marked. Moreover, these muscles, while not so severely paralyzed

as the extensors, are in no case exempt, since they are distinctly

paretic and atrophied, and present reactions of degeneration.

With reference to the exact pathological condition underlying

these contractures, some questions may be raised. It depends some-

what, of course, upon the significance attached to the word " contrac-

ture," whether or not this condition in multiple neuritis may come
properly under this term. The word in its simplest meaning indi-

cates, of course, a more or less permanent or sustained rigidity and

shortening of the muscles, due to a physiological contraction of its

true muscular fibres. This is what happens probably in the contrac-

tures of hemiplegia, paraplegia, and hysteria, in which diseases the

muscle is not undergoing a true degeneration. But the conditions

are not the same in peripheral multiple neuritis. In this latter dis-

ease the muscle is degenerating, and its true muscular fibre not only

soon loses its power of contraction to the electrical currents, but even

loses its structural identity. Consequently it cannot be affirmed with

reason that the contractures, especially the late contractures, of mul-

tiple neuritis can be due to a physiological contraction or over-action

of the muscular fibres, which no longer exist. Babinski"*" criticises

this term " contracture" therefore, as applied to the state of the mus-

cle in peripheral neuritis, and jjrefers to call the state one of fibro-

tendinous contraction. He, however, recognizes, more fully than do

most writers, the early painful cramps of multiple neuritis which

occur before the muscular degeneration is complete; and these he

calls by their proper term, "cramps." This distinction of Babinski

may be a just one, and yet it ajjpears somewhat artificial, when we
consider that these persistent cramp-like states, especially in the legs,

in the early stages of multiple neuritis, pass by impercei:)tible grada-

tions into the more permanent contractures of the later stages. I

would prefer to preserve the term "cramp" for the fugitive symptoms
sometimes seen in the early stages of the disease, which I have already

referred to in a special section, and to regard the more permanent,

X)aiuful, cramp-like contractures of the later stage, passing into per-

manent contractures, as a distinct process in some way associated

with tiie ])rocess of degeneration, and esj)ecially marked in the least

paralyzed and least opposed nniscles.



MULTIPLE NEUKITIS. 411

In connection with motor disorders may be considered disordera

of the reflexes. As a rule, the tendon reflexes are very promptly-

affected in multiple neuritis. They are, almost without exception,

lessened or abolished. Some observers have claimed that they have

seen an exaggeration of the deep reflexes in peripheral neuritis.

Striimpell, Mobius, and Babinski are among those who make this

claim. I have never seen this exaggeration and believe it must be a

very rare phenomenon. While there may be nothing in theory ab-

solutel}^ to oppose the idea of this exaggeration, yet practically we
know that the phenomenon rarely occurs. It is possible, for in-

stance, to suppose that in the initial stage of a neuritis, due to some
poison acting upon the nerve endings—especially upon the sensory

nerve endings—the excitability of the neuron might be temporarily

increased, and that under these circumstances the reflexes might be

exaggerated. Dejerine has noted that the reflexes may persist in

some cases; and it is true, in my observation, that cases occur in

which they are not absolutely lost for a long period. In the rare

instances in which there is an initial exaggeration of the reflexes, this

phenomenon is soon replaced by a gradual diminution and final dis-

appearance of this sign. All the tendon reflexes may be aft'ected or

abolished in multiple neuritis. Those most conspicuously involved,

however, are the knee-jerks. In cases in which ihej are not promptly

abolished, they may present a decreased and rather more sluggish

contraction than is normal. This alteration in the character of the

jerk may be in some cases as important a pathognomonic sign as the

diminution itself.

The superficial or skin reflexes are not quite so uniformly dimin-

ished and abolished as are the deep. In the early stages, in which

hypersesthesia of the skin is a well-marked symptom, these skin re-

flexes may even be exaggerated. This exaggeration no doubt depends

upon irritation of the endings of the sensory nerves. In severe cases,

in which anaesthesia and motor paralysis are well marked, the skin

reflexes are almost uniformlj^ abolished. A very sluggish cremasteric

reflex may, however, persist in even severe cases, although this is

rare. Among other variations that may be noted in the reflexes is

the variation in individual reflexes as compared with others. It does

not follow, for instance, that all the reflexes, either deep or super-

ficial, must be abolished at the same time. Thus, one reflex may
persist much longer than another, and some superficial reflexes may
even appear exaggerated after the other reflexes, especially the deep,

are abolished. The deep reflexes may be abolished, for instance,

in the legs and not be affected in the arms. These differences of

one reflex from another are due simply to variations in the location
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of tlie disease process. They simply indicate tliat the neuritis is

more marked in one set of nerves or one region of the body than in

others.

The next important symptoms connected with the motor phe-

nomena of multiple neuritis are the changes in the electrical reactions

of the paralyzed muscles. Such changes are uniformly seen in all

varieties and types of polyneuritis. They may vary not a little,

however, in character and degree, according to the intensity and the

location of the disease process. In order to understand these varia-

tions it is, of course, necessary to understand the normal reaction

of nerve and muscle to electricity. These have already been de-

scribed in the section on electrotonus (p. 21), to which reference can

be made.

The earliest change in the electrical response of the muscle in

multiple neuritis is to the faradic current. The faradic irritability

is rapidly diminished in most cases and is soon completely abol-

ished. This takes place even before there is well-marked degen-

eration and atrophy of the muscle; in fact, it may occur in a few

days. It depends, as already explained, upon the physiological

fact that muscular tissue, when deprived of nerve influence, will

not react to faradism. Consequently this loss of faradic excita-

bility is a sign of a change in the nerve rather than in the muscle.

It indicates clearly that the axis cylinder is no longer able to trans-

mit impulses. It is for this reason that this loss is, as a rule,

the first change in electrical irritability to show itself, since it

does not depend upon advanced degenerative changes in the mus-

cular tissue, but simply upon a lesion that acts very promptly to

cut off the peripheral motor neuron. It is thus easy to understand

also why variations occur in the promptness and completeness of

this loss of faradic contractility. In cases in which the jDoison or

destructive agent acts slowly and insidiously, the faradic contractil-

ity may not be abolished at once. This is for the simple reason,

of coiirse, that some of the normal nerve impulses continue to

flow. This preservation of a somewhat weakened response to fara-

dism may be seen even in cases in which the motor paralysis is

complete, and indicates that the motor neurons, though so much
paralyzed as not to be able to transmit motor impulses, may still

maintain some nutritive control over the muscle. The time re-

quired for the comx)lete abolition of faradic contractility varies, of

course, in different cases. A complete and sudden destruction of the

axis cylinders, as by section for example, is followed by diminution

and loss of faradic contractility in a few days ; in fact, the diminu-

tion may begin in a few hours. Few cases, however, of ordinary
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multiple neuritis present such an abrux)t onset dependent uxDon such
a distinct lesion. Consequenth- the loss to faradism does not usually

occur bruskl^'. In cases of inflammation of the facial nerve, however,

the decline and loss of faradic contractility are very early phenomena.
In alcoholic multiple neuritis, while not quite so prompt, they are

yet, as a rule, not long delayed. This al^olition of faradic conti-actil-

ity may vary very much in different regions of the body in the same
patient. Thus faradic contractility may be well jn-eserved in some
muscles and much diminished or totally abolished in others. This

fact demands care in observation, for erroneous conclusions may be

drawn from a hasty and incomplete examination. Even the muscles

in the same segment of the limb will vary among themselves. Thus
the extensor group of the forearm and leg may show complete abo-

lition of contractility, while the flexor muscles will still give a re-

sponse. In some muscles, even quite paralyzed and markedly atro-

phied, there may occasionally be found a slight faradic contractility.

This is probably due to the fact that all the fibres in the muscles are

not equally degenerated, because all the nerve fibres supplying them
are not equally inflamed.

As the faradic contractility declines, changes much more complex

occur in the galvanic excitability of the muscle. These changes,

unlike those to faradism, are indicative of the reaction of the muscle

itself and not of the nerve fibre. They depend, in fact, upon the

cessation of the influence of the nerve fibre upon the muscle fibre and
the gradual degeneration of the latter. Hence thej are properly to

be regarded as muscular phenomena, and they are, properly speak-

ing, the true reactions of degeneration. First, in order of time, is a

slight initial increase in the galvanic excitability. This is shown by
the response of the muscle to a milder current than would normally

excite a contraction. This initial increase is probably a sign of irrita-

tion. It is but brief, lasting at best, as a rule, but a few days. It is

rather more common in abrupt, rapidly acting lesions than in those

that ordinarily cause j)olyneuritis. Thus it is much more likely to

be seen after section of the nerve or after such an inflammation as

occurs in the case of the facial nerve after exposure to cold, than it is

in alcoholic multiple neuritis. In fact, its occurrence at all in al-

coholic multiple neuritis is perhaps somewhat theoretical. I do

not recall clearly having seen it in any instance. After a few days,

the rule is for the galvanic excitability of the muscle to diminish

slowly but progressively. It is not abolished rapidly like the faradic

contractility. These alterations

—

i.e., the increase and decrease in

galvanic irritability—are called quantitative changes. This progres-

sive diminution is almost constantly seen in polyneuritis. Its rapid-
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ity and intensity will, of course, depend upon the severity of the

case. In some cases, or in some muscles in some cases, it msbj not

advance to complete disappearance. It may even escape observation

in mild cases, unless care is used to estimate the strength of the cur-

rent and to compare the reaction of the diseased muscle with that of

a healthy one.

As the quantitative changes take place, changes also occur in the

order of the reaction of the current to the two poles. As will be re-

called by reference to the section on normal electrotonus, a muscle

when innervated by a healthy nerve responds first and most vigorously

to the cathodal or negative pole at the closure of the current ; nest

to the anodal closure or the anodal opening—these two, in fact, vary-

ing slightly. But, as a rule, the response of the muscle to the anodal

closure is more marked than to the anodal opening. Finally the

muscle responds least of all to the cathodal pole at the opening of the

current. Consequently the normal formula, as already given, is as

follows

:

CCC > ACC > AOC > COC
or as occasionallv happens

:

CCC > ACC = AOC > COC
As the muscle begins to degenerate, a change occurs in the order

of its reaction as expressed by the normal formula. First, the re-

sponse to the cathode or negative pole at closure diminishes

—

i.e., it

requires a stronger current to elicit this response. At the same time

the excitability of the muscle to the anode or positive pole at clo-

sure, while diminishing slightly, does not do so in proportion to

the cathode. Hence in time the ACC may equal or even exceed

the CCC. Further, the response of the muscle to the anode at

the opening of the pole, never as a rule very conspicuous, dimin-

ishes and disappears entirely. Finally, the response of the mus-

cle to the cathode or negative pole at the opening of the current,

which is practically never seen in the normal muscle except with an ex-

ceedingly strong and almost unbearable current, may now appear,

especially in advanced cas'es of degeneration. As a consequence, the

typical and complete reaction of degeneration is expressed in the fol-

lowing formula

:

ACC > CCC > COC > AOC
the last element being practically abolished.

These alterations constitute what are called the serial reactions of

degeneration.

In peripheral multiple neuritis these serial changes may present

many variations, according to the severity and extent of the lesion.

In the early stages or in mild cases there may be simply a diminu-



MULTIPLE NEURITIS. 415

tion in the CCC so that it becomes about equal to the ACC and the

response of the muscle to either pole at the opening of the current is

not seen. This modified form of reaction usually accompanies a

slight diminution, or even in some cases a complete loss, of faradic

contractility. In more severe or more advanced cases, the CCC may
fall below the ACC, while the AOC is entirely absent and the COC
has not yet manifested itself. In my observation, this is the most
common alteration of the electrical reaction in multiple neuritis and
may be expressed thus

:

ACC > CCC (AOC and COC not appearing.)

The appearance of the COC even in advanced cases of multiple neu-

ritis is not, in my observation, a common occurrence. The formula

of degeneration as thus given is maintained, as a rule, during the

continuance of the stage of degeneration. The ACC continues to

maintain its precedence, although with gradually diminishing force.

In cases in which the muscle proceeds to ultimate complete degener-

ation, the CCC gradually diminishes and is ultimately lost. The
last response of the expiring muscle is to the anodal pole at the

closure of the current, the ACC.
The changes. thus described may be taken as a type of the reac-

tions of degeneration as occurring in ordinary multiple neuritis.

Variations from this type undoubtedly occur, but they are all in line

with the departure from the classical formula of normal reactions

here given. It occasionally happens that these serial reactions of

degeneration are not so well marked as the degree of motor paralysis

would lead the observer to suspect. This may be due to the fact,

already explained, that in mild cases the motor neurons may be

sufficiently incapacitated not to be able to transmit motor impulses,

but may still be able to maintain some nutritional control over the

muscle. In mild cases, for instance, there may be merely a slight

diminution in the faradic contractility without any alteration in the

normal formula for galvanic contractility.

A third change in the response of the degenerating muscle to

galvanism is seen in its manner of reaction. Instead of the quick,

tonic contraction so characteristic of the response of a normal mus-
cle to electricity, there may be a slow or sluggish response which is

unmistakable. This usually occurs only when the other electrical

phenomena of degeneration are well marked. It is called the modal

change.

Finally, in some cases of neuritis the muscle may present the

phenomenon known as "duration tetan3^" This consists in a pro-

long or sustained contraction of the muscle during the continuance

of the passage of the current. It is in marked contrast to what oc-
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curs in liealtli, when, as is well known, the muscle, as a rule, con-

tracts only during either the making or the breaking of the current

—

i.e., during the instant of the rapid change from one state of electro-

tonus to another.

The Sensory Symptoms.—Sensation is usuall}^ profoundly affected

in every case of multiple neuritis. It may be affected in one, or

several, or all of its modes; and it may either be excited or para-

lyzed.

One of the most common and characteristic of the affections of

sensation is pain. This is usually an earl}' phenomenon. It is

marked especially in the muscular masses themselves, but is also

experienced in the nerve trunks. The character of the pain varies

slightly. In some few cases it is described as sharp and lancinating,

but for the majority of cases it is burning and exquisitely severe.

In the early stages of the disease, in fact, it is the most urgent symp-

tom, and one which at this time may be readily mistaken. Thus, for

instance, it has not infrequently been attributed to rheumatism. Its

favorite seats are in the paralyzed muscular masses and in the over-

lying skin. So exquisitely tender and sensitive do these parts

become that the patients cannot bear the slightest touch or manipula-

tion. Even contact with the bedclothes may be unbearable. This

was noted more than a hundred jears ago by Lettsom, who said that

the tenderness of the parts was so exquisite that the weight of the

finger excited shrieks and moaning. In consequence, the patient

views with evident apprehension any advance towards examining his

legs and arms. Handling the parts or even gently stroking the skin

may cause cries of j^ain, but the greatest agony is experienced from

firm pressure on the nerve trunks at their more exposed points, and

especially from squeezing the paralyzed muscles. This tenderness

of the muscular masses is so characteristic and constant that it may
be said to be pathognomonic of the disease, and is seen in no other

affection. The soles of the feet, too, are often exquisitely sensitive.

Even in alcoholic patients with marked hebetude or stupor, this

symptom can be elicited usually without difficulty. Pains of a neu-

ralgic character are also spontaneous in this disease. They occur

esi)ecially when the patient attempts anj^ voluntary movement, and

are then usually associated with the cramp-like condition already

described. In attempting to move the leg the patient, if not too

badly paralyzed in the arms, may endeavor to assist the movement
by slipping his or her hand under the thighs, as I have lately seen a

patient do. The expression of jiain, or even terror, on the patient's

face is sometimes striking, and it is not uncommon for women to

shed tears because of their suffering. These pains are usually worse
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in the legs, feet, toes, and about the knees, although they are not

wanting in the upper extremities.

Farcesthesia is very commonly seen in multiple neuritis. This

may consist in sensations of tingling, formication, etc. These sen-

sations are variously- described by the patients themselves. Thus
one patient described them as a sense of cold water trickling down
the leg. For another patient they were like the contact of some hot

substance. A sense of combined tingling and numbness, however, is

perhaps the most common of these pareesthetic symptoms.

AiuestJiesia is an almost constant symptom of multiple neuritis.

It varies very much, however, in both location and extent, according

to the circumstances of the case and the cause of the disease. In

alcoholic cases it is almost universally found in some degree at some
stage or other of the affection, but in lead cases it is not so common.
It may be distributed somewhat irregularly, and is more constantly

seen in the legs below the knee than elsewhere. It is a very constant

symptom in the ataxic type of the disease, and is then no doubt the

cause of the incoordination seen in these cases. The modes of sen-

sation most involved are the tactile and thermal. The former is

especially impaired, but in many cases it will be found that the

patient cannot readily distinguish heat and cold. Analgesia, how-

ever, is not usually seen. On the contrary, as already described,

there is hyperalgesia even to the slightest touch. This, however, is

not always so in the advanced stages of severe forms of multiple

neuritis, although even in them I have seen hyperalgesia well marked.

The combination of ansesthesia with some hypersesthesia or hyper-

algesia is a striking characteristic of the disease in some cases. The
alteration of the thermal sense is not always striking, and may even

be absent in cases in which ansesthesia, especially to a slight touch,

is well marked. This characteristic of the anaesthesia should not be

ignored. .Thus, while a slight touch may not be perceived, deeper

pressure may be felt both as a tactile and as a painful sensation.

Retardation of sensation may also be noted in some cases. Some
authors claim that thermal anaesthesia is not common in multiple

neuritis, yet I have seen it in severe cases in which the anaesthesia

also was well marked. It may be said in a general way, therefore,

that a slight degree of tactile anaesthesia is the first and commonest

form observed, but this may coexist with extreme sensitiveness to

pain and with preservation of the thermal sense. Later, tactile an-

aesthesia may be more profound and is then associated with some

degree of thermal anaesthesia, but the sensitiveness to pain, especially

on deep pressure, is rarely abolished even in advanced stages of the

most severe cases. Sensitiveness to the electrical current may be

Vol. XL—27
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impaired if a very mild current is applied liglitl}' to the skin; but

stronger currents, especially if tliey cause muscular contraction, are

very painful in the early stages of the disease. Later, as the patient

tends to recover, the electric current, both faradic and galvanic, can

be borne without much discomfort.

The Trophic Lesions. —The trophic lesions in multiple neuritis are

varied. The most constant and striking is atrophy of the muscles.

This, as already explained in a preceding part of this paper, is an

inevitable sequence of degeneration or destruction of the peripheral

motor neurons or their axis cylinders from any cause whatsoever.

Thus it occurs after injuries to nerves as well as with inflammation of

them, and the process, so far as the muscle is concerned, is identical

in both of these instances. In multiple neuritis, of course, this de-

generation depends upon the destruction or obstruction of the axis

cylinder in or near its peripheral distribution. The muscular fibre is

then cut off from its true trophic centre, which is in the cell body of

the motor neuron in the anterior horn of the gray matter of the spinal

cord. This process of degeneration in the muscle begins promptly

when the axis cylinder is interrupted or destroyed by inflammation.

In peripheral multiple neuritis it is usually an early symptom. The
paralyzed and painful muscles become soft and flabby. The natural

muscular tone is abolished and the muscle loses rapidlj^, as a rule, in

bulk. As, however, the degree of severity and completeness of in-

flammation of the nerve trunk varies in different cases, so this phe-

nomenon of atrophy will vary. In mild cases, while some degree of

it is always apparent, it may not advance to complete destruction of

the muscle. In severe cases, however, of long standing, the atrophy

may be so complete that apparently but little if any true muscular

tissue remains. This is seen especially in the peroneal muscles in

the leg and in the extensor muscles of the wrist and hand. This

atrophy of the muscles is never, as a rule, associated in multiple neu-

ritis with fibrillation, as is usually seen in cases of anterior poliomye-

litis. Exceptions to this rule are stated hy some observers to occur,

but they must be very rare. The paralysis always precedes the

atrophy. In some rare cases, in fact, there may be a marked paraly-

sis without very distinct amyotrophy. This probably indicates that

the axis cylinder has not been entirely destroyed but only rendered

incapable of transmitting motor impulses, but that it may still pre-

serve its continuity sufficiently to maintain its ti'ophic influence. It

is thus seen that the two phenomena, paralysis and atrophy, are not

necessarily coexistent, although in the vast majority of cases the

one follows rapidly upon the other. Tliis dissociation is still

further seen in the decline of the disorder. As the patient tends
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to recover, the atrophied muscles begin to respond to the voli-

tional impulses, and may even regain considerable activity before

the nutrition begins apparently to improve. This, however, may
be only in aj)pearance and not in reality, because the activity of

the muscle being much more readily appreciated by the eye, may
seem to advance more rapidly than its regeneration. It is probable,

in fact, that in a great majority of cases, at least, the two func-

tions proceed together, and that as the muscle regains its power

to contract it is also beginning to reestablish its nutrition. This is

scarcely the place to enter into an exhaustive discussion of the ques-

tion whether any types of progessive muscular atrophy may be

dependent uj)ou a jirogressive perij)heral neuritis. Charcot and

Marie have presented a grouj) of cases of progressive muscular atro-

phy in which, in the absence of autopsies, they proposed the hypoth-

esis that the process was dependent upon a peripheral neuritis.

Hoffmann has likewise recorded such cases, for which he proposes the

name of "progressive neurotic muscular atrophy." He thinks that

these cases hold a middle position between those that are caused by a

degenerative process in the spinal cord on the one hand, and the true

primitive myopathies on the other. This type of case, if it is truly

existent, must depend upon an extremely slow and progressive neuri-

tis which invades the peripheral nerve ending, not all at one time,

but in series or groups. Consequently, in such cases the muscular

atrophy, attacking only fibre after fibre of the muscle, would appear

to go before the paralysis. This is because the muscular fibres still

intact would retain a power of contraction. This type of case, how-

ever, can scarcely be included in a description of peripheral multiple

neuritis such as is designed here. The process resembles one of

progressive degeneration rather than of acute neuritis, widespread

and coming on rapidly, such as we are here considering. It is worth

while to recall, however, that this type of slow progressive muscular

atrophy, possibly due to a peripheral neuritis, has been observed to

follow the infectious diseases, such as typhoid fever and measles, as

has been described in the section on etiology.

(Edema or swelling of the paralyzed members is seen in some

cases of peripheral neuritis. It is especiallj^ common in beriberi.

It is also seen to advantage in some cases of alcoholic neuritis. It is

especially prominent in the legs below the knee, although it is not

unusually seen also in the forearms and hands. In estimating the

true significance of this symptom, it is well to recall that, in alcoholic

cases especially, the heart and lungs may be seriously affected and

that the oedema may be promoted by impairment of these organs.

Still, we know that oedema can and does occur as a result of nerve
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injury and subsequent inflammation, and therefore there is no reason

for hesitating to regard this symptom as in the nature of a trophic or

a least a vasomotor affection. Swelling and even effusion into the

joints have been recorded by some observers. Deformities of the

joints, in fact, in long-standing cases are not uncommon. These are

no doubt promoted by the contractures and disuse, but are also evi-

dently partly trophic in character. The finger-joints especially may
become swollen and tender so as to simulate rather closely a rheu-

matic or gouty affection. Glossy skin is usually seen in association

with the oedema. It may even be present, in fact, when very little,

if any, swelling of the parts is present.

In long-standing cases the nails and hair may be affected, just as

is seen and has already been described in traumatic neuritis.

Destructive trophic lesions of the skin, such as herpes, pemphigus,

and whitloio, are not seen in the commoner types of multiple neuritis.

Thus in alcoholic cases I do not recall ever to have seen them. They
are very common, however, especially destructive whitlows, in the

anaesthetic form of leprosy, which depends upon a neuritis. The
reason for the absence of these destructive skin lesions in alcoholic

multiple neuritis is not easy to state. The affection of the nerves

has all the characteristics of an irritative and destructive process,

and yet the clinical fact remains that we do not have these lesions in

cases due to alcohol and lead. The same may be said of bedsores.

They are not common in multiple neuritis. Their absence on the

trunk may possibly be due to the fact that the nerves of the trunk

are not, as a rule, so seriously involved as the nerves of the extremi-

ties. Consequently the nutrition of the trunk does not suffer so

much as does that of the arms and legs. Bedsores Toa&y form, how-

ever, on the heels and ankles and also about the hips in alcoholic

multiple neuritis if care be not taken to guard against them. In a

case of extensive multiple neuritis, following typhoid fever, which oc-

curred in my service in the Methodist Hospital, very obstinate bed-

sores occurred in the region of the malleoli. One of these continued

as an open indolent ulcer for many weeks, in spite of the fact that

pressure was carefully avoided and that the sore was dressed with

antiseptic precautions. Probably one reason why bedsores do not

form more frequently on the heels and ankles and hips in multi]>le

neuritis is that these parts are accessible and hence can be guarded
from such results.

Visceral and Internal Disorders.—In many cases of multiple neu-

ritis there are symptoms referable to the viscera and other internal

I)arts and organs. These may be divided into two classes; first,

those that are caused directly by the ])oison which causes the neu-
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ritis, and second, those tliat are due directly to the neuritis itself.

The first class cannot be appropriately considered in detail here.

They are tlie symptoms merely of a general systemic affection and

are not necessarily associated with neuritis; in fact, they frequently

occur in cases in which there is no neuritis. Still, as forming a part

of the clinical picture, they may, at least, be briefly referred to. In

alcoholic cases, for instance, it is not unusual to find the symptoms
of gastric, hepatic, and renal disease. These are such as may occur

in any case of chronic alcoholism. Occasionally a i)atient presents

tlie symptoms of a gastric catarrh. There is irritability of the

stomach, with indisposition to take food, and very rarely nausea and

vomiting. These symptoms, however, are, in my observation, very un-

common. In cases in which they do occur the forced abstinence from

alcoholic drink soon establishes a cure, and henceforth the patient

may be able to take a fair quantity of nourishment. I have noticed

in several of these patients a jaundiced hue of the conjunctiva, with

some enlargement and tenderness of the liver. These symptoms
probably indicate a chronic catarrhal hepatitis. I have never yet

seen a case of cirrhosis of the liver comjjlicating multiple neuritis.

It seems to me that for some reason alcoholic neuritis does not occur

readily in the type of patients who develop the cirrhotic liver. This

liver occurs esxDecially in men who have been, as a rule, high livers.

They are often stout, well-fed individuals, who have not been exposed

to great jjrivation and over-exertion in cold and wet places. On the

other hand, multiple neuritis, as we know, is very likely to occur,

especially among women, in individuals who have been half starved

and suffered much exposure. It may possibly be a logical deduction

from these facts that the peripheral nervous system suffers more

readily in these individuals than does the liver. I recall, how^ever,

one instance of a young woman, aged twenty-eight, the subject of

chronic alcoholism, who had suffered much privation and expo-

sure, and who died of cirrhosis of the liver. In this instance, while

there were marked emaciation and apparent atrophy of the muscles of

the legs and arms, there had not been during life any well-marked

symptoms of multiple neuritis. Diseases of the kidneys are not un-

usual in old alcoholic cases. I think, however, that, as a rule, the

symptoms of advanced kidney disease are not very common in cases

of alcoholic multiple neuritis.

Disorder of the heart is very common in some forms of peripheral

neuritis. In the alcoholic type, the derangement of the heart con-

stitutes one of the gravest complications. This is manifested by ex-

treme rapidity and weakness of the heart's action. It is not uncom-

mon in these cases to have a pulse ranging constantly above 100 and



422 LLOYD—CEREBROSPINAL AND SYMPATHETIC NERVES.

it msij eveu be as bigli as 120, 130, or 140. I have seen several

cases iu which the latter rate was maintaiued for a number of days.

In one case, in a woman in the Philadelphia Hospital, this weakness

of the heart was the cause of sudden and unexpected death. It may
be worth while to state that the sudden death in this case seemed to

be due to the application over the heart of an ice-bag, which was made
at the suggestion of an eminent clinician who saw the case in con-

sultation. This tachycardia is generally considered by authors to

be due to involvement of the pueumogastric nerve. Dejerine, quoted

b}^ Babinski, has noted alterations in this nerve in a case of periph-

eral neuritis in which tachycardia was a symptom. It is easy to

understand, of course, how inflammation of the pneumogastric nerve

may cause tachycardia and even sudden death. The inhibitory ac-

tion of this nerve upon the heart is well understood. When for any

reason this is interfered with, as by inflammation, grave disorder iu

the rate and rhythm of the heart inevitably results. In cases of inter-

mittent paralysis of the cardiac branches of the vagus, according to

Landois and Stirling, acceleration of the pulse above 160, 200, and

even 240 beats a minute has been noted. At the same time, the

beats vary much in rhythm and force. In this connection, also, it is

well to recall that if the trunk of the vagus be paralyzed there are

labored, deep, and slow respirations. In diphtheritic paralysis, even

more than in alcoholic paralysis, fatal impairment of the nervous

mechanism of the heart is to be feared. It is not an uncommon cause

of sudden death in these cases.

The tongue, soft palate, and pharynx may be involved in multiple

neuritis. This is not commonly seen, however, in alcoholic cases.

In diphtheritic cases it is far from uncommon. The veil of the palate

and the mucous membrane of the pharynx may be quite anaesthetic,

so that the reflex movements, normal iu these parts, on tickling or

irritating with a sharp instrument, may be entirely abolished. Pa-

ralysis of the velum palati in diphtheritic cases is the cause of

some characteristic symj^toms, such as the nasal speech, slow and
difficult articulation, and snoring during sleep. Disorders of deglu-

tition are observed, especially on attempts at swallowing liquids.

These may regurgitate through the nose. Solid or semi-solid sub-

stances are swallowed more easily, as they, of course, do not find a

ready passage through the posterior nares. This difficulty in degluti-

tion is much increased, of course, if the muscles of the pharynx, as

sometimes occurs, are paralyzed. Then even solid substances may
be swallowed only with great efl'ort and the risk to the patient is

much increased from the difficulty in administering food. One of

the risks in these cases is from the i)assage into the larynx of por-
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tions of food. These may not be perceptible to the patient because

of the angestheaia of the parts and the consequent abolition of the

normal reflexes. Paralysis of the tongue is not so common in these

cases. Babinski notes that the paralysis may even extend, in some
cases, to the lips and cheeks. Kast has noted, in one case of poly-

neuritis, not only paralysis, but atrophy of the tongue.

Disorders of digestion have already been noted. Reference may
be made here, however, to the question which has been raised by
some observers whether painful gastric crises, similar to those ob-

served in locomotor ataxia, may occur in polyneuritis. Confusion

may arise here on account of the painful state of the stomach due to a

gastric catarrh, especially in alcoholic cases. Such a gastric catarrh,

as already said, may be present in these cases, but it cannot be

said to be a true trophic or neurotic affection, being due rather to

the direct irritating effect of alcohol upon that viscus. Hence it

seems to me erroneous to regard it as analogous to the gastric crises

of locomotor ataxia. Considering, however, the irritation and
subsequent paralysis of the pneumogastric nerve, it may be con-

sidered rather remarkable that gastric symptoms due to this cause

are not more commonly observed in multiple neuritis. Thus we
might suppose that nausea and vomiting would be more common
symptoms. I have observed nothing, however, to establish such an

opinion.

Disorder of the intestines is not common in any form of multiple

neuritis, if we except the well-known colic of lead poisoning. This

symptom, however, cannot positively be claimed to be due to an

affection of the nerves. It has been suggested as a mere hypothesis

that this lead colic is due to the action of the poison upon the nerves

of the intestine, but this has not been established as a fact. Con-

stipation is frequently noted in peripheral neuritis, but that it is due

to a paralysis of the walls of the intestines is not proven. Paralysis

of the rectum and the sphincter muscle of the anus is a very unusual

symptom in multiple neuritis. In cases in which incontinence of

fseces occurs, this is usually due rather to the hebetude or stuporous

condition of the patient than to a true local affection at the terminus

of the gut.

The Special Senses.—The special senses, with the exception of the

eye and its muscular apparatus, are seldom if ever affected in any

form of multiple neuritis. I have never seen any affection of smell,

taste, or hearing in this disease. It is possible that in some alcoholic

cases which I have seen the senses of smell and taste may have been

somewhat blunted, but owing to the mental torpor and confusion of

these patients the tests for these senses have seldom been satisfactory-.
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I have made no observation, nor have I seen reports from others,

of any affection of the auditory nerve.

The optic nerve and some of the muscles, both extrinsic and in-

trinsic, of the eye, may be profoundly affected in some forms of mul-

tiple neuritis. These affections are much more common in the neu-

ritis due to lead and to diphtheria than in that caused by alcohol.

In the latter forms any affection of either the nerve or the muscles is

rare, although instances have been reported. It is possible that

sufficiently careful examinations of the optic nerves and the optic

muscles are not made in cases of alcoholic multiple neuritis, and that

affections of the kind here noted would be more commonly reported

if such examinations were made.

Paralysis of the extrinsic muscles of the eye is not unusual in

diphtheritic paralysis. The most common is paralysis of the ex-

ternal rectus, sometimes in both eyes, causing a convergent strabismus.

This is not uncommonly seen in children suffering with this disease

and may be one of the earliest symptoms noted by the parents or

friends. Thus a mother reported to me that the first thing she

noticed in her child, who had been convalescent several weeks from

diphtheria, was that he squinted. This paralysis causes diplopia

and the patient will probably complain early in the disease of double

vision. Paralysis of the third or oculomotor nerve is not so com-

mon in diphtheria, although instances of it are on record. Thus, in

a noteworthy case, Remak observed an associated paralysis of the

oculomotor and abducens nerves in each eye; and at the autopsy

Mendel found changes in the roots of these two nerves (quoted hj

Babinski). In some of these grave forms of complete external oph-

thalmox)legia the diphtheritic jjoison attacks the oculomotor nuclei

in the midbrain beneath the aqueduct of Sylvius and the associated

nucleus of the sixth nerve in the pons. These cases, then, constitute

examples of the superior ijolioencephalitis of Wernicke. In alcoholic

cases paralysis of the extrinsic or intrinsic muscles of the eye must

be extremely rare. Ptosis and paralysis of the external rectus muscle

has been noted in a very few cases. Babinski quotes Thomsen as

having observed paralysis of the external rectus four times and ptosis

twice in twenty-six cases of alcoholic neuritis. This is certainly an

exceptional exi)erience, as probably few observers could claim that

they had seen paralysis of the ocular muscles in twenty-five per cent,

of their cases of multiple neuritis.

Paralysis of the ciliary muscle causing loss of power of accom-

modation is a very common sequel of diphtheria. It is probably

absent in few, if any, cases of dij)htheritic ])aralysis. It is the cause

of the weakness of vision complained of by these patients even in the
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absence of other marked paralytic symptoms. Adults are rather

more likely to notice and speak of paralysis of the muscle of ac-

commodation than are children, especially small children. It inter-

feres with reading and with the use of the eyes for other fine work,

and consequently is quickly noted by older children and by adults.

It is not usually associated with any loss of power of convergence of

the eyes, and as a rule, to which there are probably few exceptions,

there is no paralysis of the iris. Consequently the pupil contracts

freely to light. This is not to be confused with the well-known

Argyll-Kobertson pupil, in which the pupillary reflex to light is lost,

but its reaction on accommodation remains. This paralysis of ac-

commodation from diphtheria is bilateral, and it is often one of the

most persistent of the phenomena of postdiphtheritic jjaralysis. It

is not a symptom observed in any other form of multiple neuritis, so

far as I know.

Paralysis of the iris is a rare symptom in any form of multiple

neuritis^—so rare, indeed, as to constitute of such cases a sort of clinical

curiosity. The Argyll-Eobertson pupil is not seen in any form of

multiple neuritis. This pupil, in which the reflex to light is lost

while its reaction on accommodation is preserved, is generally held

to depend on an affection of the nerve centres, and is seen espe-

cially in locomotor ataxia and more rarely in general paresis. Its

appearance in any case should throw a doubt upon the accuracy of

the diagnosis of multiple neuritis and should raise a suspicion of

a degenerative process in the nerve centres. Thus in the cases noted

by Eperon (quoted by Babinski""* ) , in which this author noted tabet-

iform symptoms associated with toxic amblyopia from tobacco or

alcohol, the Argyll-Eobertson pupil was associated with fulgurant

pains and abolition of the knee-jerks; and the suspicion arises that

the patients were suffering with posterior sclerosis.

The optic nerve may be inflamed or degenerated as a result of the

systemic intoxication which sometimes causes polyneuritis. In

chronic lead poisoning, optic neuritis is not uncommonly seen. Ke-

trobulbar neuritis may also occur in cases of chronic poisoning from

alcohol, tobacco, quinine, and some other toxic substances. This

symptom, however, is not necessarily or even commonly associated

with multiple neuritis. The resulting symptom is an amblyopia

caused usually by a central scotoma. The periphery of the field

may retain its integrity, and many of these patients are only con-

scious of a slight impairment of vision. It is said that they see

better in the dusk or in a dim light. In diphtheritic paralysis in-

volvement of the optic nerve is not common (De Schweinitz"")-

Mental Symptoms.—hi cases of alcoholic multiple neuritis mental
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symptoms are not uucommon. As Clouston has pointed out, a long-

continued soaking in alcohol is damaging to the brain in its mental,

motor, and trophic functions. The type of mental disorder seen usu-

ally with multiple neuritis is a low grade of stupor or confusional in-

sanit}^ . The patient' s mental faculties all seem to be blunted. In some
cases it is difficult to fix his attention or to obtain from the patient him-

self a clear history of his disease. The memory is very much impaired,

especially for recent events. There may be a mild form of delirium,

but not quite so well marked or active as in the well-known delirium

tremens. In this mental state unsj^stematized delusional ideas are

not infrequently seen, and especially confusion of personal identity

and of time and place. Occasionally, in more chronic cases, the de-

lusion may become fixed and more systematized and m&y persevere

for some time even after the patient's mental faculties seem to be well

restored. These fixed delusions are usually of suspicion and fear.

The confusions of personal identity are perhaps among the most

characteristic of these mental symptoms. The patient fails to recog-

nize or jjroperly place his friends and kindred, and the confusion may
even extend, in some cases, to his own personal identity. Hallucina-

tions of sight and hearing are not common in multiple neuritis. Of
the two, the latter are the more frequently seen. Besides alcohol,

the poisons of some of the infectious diseases, as typhoid and typhus

fevers, tuberculosis and puerperal sepsis, can cause a psychosis which

is practically identical Avith that induced by alcohol. One peculiarity

of this psychosis is the tendency for it to be worse at night, espe-

cially in the early hours of the night. Similarly, and probably for the

same reason, the delirious state is intensified if the patient is left en-

tirely to himself. The reasons for this are apparently because, the

attention being then unattracted by external objects, the patient's

mind lapses into a dream-like state. Lasegue, noting the resem-

blances of subacute alcoholic insanity to dream-like states and rev-

eries, said that it was not an insanity, but a dream. Regis"' calls

attention to the fact that this psychosis is always of a melancholic

type.

The loss of memory is a striking symptom in the insanity of al-

coholic neuritis. It is, in fact, a fundamental symptom upon which

probably many of the other symptoms depend. It is most marked
for recent events, especially for all events that have occurred since

the beginning of the patient's malady. The memory for remote

events is not nearly so much imx)aired, although, as the patient's at-

tention is difficult to fix, this fact cannot always be satisfactorily

tested. The confusion of events and of personal identities may be

explained, first, by the weakness of perception and, second, by the
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loss of memory. Percepts are not accurately formed or clearly

registered; lience confusion results in the i)atient's mind. Not infre-

quently amnesia is almost the only manifestation of mental disorder

in cases of multiple neuritis. Korsakoff '""
calls attention especially

to the fact that the patient under these circumstances may even give

the impression that he has the use of all his faculties.

From the clinical standjDoint it may be said that the type of

psychosis seen in multiple neuritis from any cause is confusional in-

sanity. This ijpe, as is well known, may occur after various infec-

tious diseases, such as typhoid fever and puerperal sepsis, without the

complication of a peripheral neuritis. It simply indicates that the

neurons of the cerebral cortex are poisoned ; and that in some cases

this poison has, in others it has not, involved the i^eripheral motor

and sensory neurons as well.

The prognosis in these cases is in the main good so far as the

mental symptoms are concerned. From my observation I should

sa}^ that in severe cases the prognosis for the mental symptoms is

better than for the paralysis. Thus I have seen patients in whom
the mental faculties were gradually restored long before the perii^h-

eral symptoms had disappeared. Cases may hajjpen, however,

especially when the exposure to alcohol has been long continued,

in which the mental disorder may advance to a chronic insanity with

fixed delusions of persecution and with a tendency to mental deteri-

oration or dementia.

Evolution.

Multiple neuritis may present itself as a disease either of abrupt

onset and acute and rapid course, or of slow and insidious onset with

a protracted and chronic course.

In the first type of cases, the symptoms may all be established in

the course of a few days. There may even be slight initial rigors,

with some febrile reaction. In alcoholic cases especially pain is a

conspicuous symptom, but loss of power rapidly sujjervenes and

tachycardia and mental symptoms complete the jjicture. In these

cases the patient is bedridden from the very beginning and presents

the appearance of grave illness. Such cases not infrequently prove

fatal. They are occasionally seen also following diphtheria, although

in this instance pain is not marked. Very rarely lead and arsenical

poisoning, the latter especially, present this type of abrupt onset

and acute course.

In the second class of cases, the onset is slower, and some days,

or even weeks, may elapse before all the symptoms are manifested.

In these cases, also, pain is an early and urgent symptom, and the
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patient may even be suspected of suffering with rheumatism or neu-

ralgia. Motor symptoms, however, manifest themselves in time and

eventually the patient may be bedridden. Some of these cases are

mild and the patient may even not be totall}^ incapacitated. They
usually seek their beds, however, from choice, as the pains are much
relieved by absolute rest. Between these two extremes all grades of

severitj^ are noted. In diphtheritic cases, as alreadj^ said, the symp-
toms of paralysis may not manifest themselves until the patient is

well advanced in convalescence from the jirimary disease. The fur-

ther advanced he is, as a rule, the milder the symptoms will be.

Exceptions to this rule, however, occur. I have seen in one in-

stance a widespread diphtheritic paralysis occur in a child as late as

the fourth Aveek of the primary disease. In typhoid fever the symp-
toms usually manifest themselves before the patient leaves his bed.

Pain and tenderness of the nerve trunks are the earliest of these

symptoms. They occur, in fact, in some cases of typhoid fever in

which motor paralj^sis never becomes conspicuous. Such cases are

usually of short duration and of favorable termination. In tubercu-

lous patients, the evolution of peripheral neuritis may be very slow

and insidious. The disease, in fact, is probably not infrequently

overlooked in these cases, being disguised by the general prostra-

tion and failure of the patient, owing to the pulmonary disease.

Clinical Forms.

As already said, multiple neuritis presents itself under a variety

of forms, according especially to its exciting cause. The chief of

these will be briefl}'' indicated here in order to complete the clinical

picture of the disease.

Alcoholic Polyneuritis.—The description already given in detail of

the symi^toms of multii)le neuritis refers so directly to the alcoholic

type of cases that little more need be done here than briefly to

group symptoms and to recaf)itulate. In alcoholic multiple neuritis

the salient features are the acute pains in the inflamed nerves and
especially in the muscular masses and in the skin overlying them;

the motor paralysis, involving especially the extensor muscles, with

consetiuent hand- and foot-drop ; contractures ; muscular atrophy, and
the appearance of the reactions of degeneration. Severe cases are

complicated with tacliycardia and paralysis of some of the muscles
of respiration. Finally, there is often some grade of a confusional

psychosis.

The onset in these cases is, fis a rule, insidious; although cases

occur in which the dSbid is brusk, esi)ecially after exjjosure to cold
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and wet, and occasionally after the puerperium. The onset of the

disease is marked usually by the pains, burning or neuralgic in char-

acter, especially in the extremities and more particularly about the

knees, legs, ankles, toes, and soles. These ma}' simulate rheumatism

or even locomotor ataxia, and have led in numerous cases to mistakes

in diagnosis. Later the paralysis manifests itself and soon disables

the patient to such an extent that he becomes bed-ridden. The dura-

tion of the disease varies. Mild cases may end in recovery within a

month ; but the average case, as I have seen it, usually lasts for sev-

eral months ; while severe cases have an indefinite duration and may
even leave permanent loss of power, with contractures.

Diphtheritic Polyneuritis.—The paralysis that follows diphtheria

presents a special clinical type, even more marked than most forms

due to other causes. Its ap])earance may be delayed for some days

or even weeks after the membrane has cleared away from the throat,

and the patient become apparently convalescent. More commonly,

however, its first symptoms ai)pear before the jjatient leaves his

bed. The initial symptom is usually paralysis of the muscles of the

palate and pharynx. This leads to nasal speech and the regurgita-

tion of food through the nose on attempts at swallowing. An oc-

casional early symptom also is an unusual snoring. Other early

symptoms are referable to the eye. There may be paralysis of one

or other of the orbital muscles : most commonly the external rectus

is involved, usually in both eyes; this causes internal strabismus and

diplopia, of which the patient may himself complain before the

symijtom is noted by others. More rarely some of the muscles sup-

plied by the third nerve are implicated. In this case there may be

ptosis and external strabismus. Power of accommodation is lost

early in diphtheritic paralysis. This is j)erhaps one of the most

constant symptoms and may occur even in cases in which other para-

lytic symptoms are not observed. It disables the eye for reading

and for near vision, and is more annoying to, and hence more likely

to be noted by adults and older children than by the very young.

Another characteristic symptom in diphtheritic paralysis, especially

in children, is head-drop. This is caused by paralysis of the muscles

at the back of the neck, esx)ecially the trapezius. The head falls

forward with the chin resting upon the sternum. I once saw this so

well marked in a little boy, six years of age, that the child was unable

to elevate the head without passive support beneath the chin. One

of the most fatal complications of any form of multiple neuritis is the

so-called heart failure of diphtheritic paralysis. This may occur

suddenly in children whose cases are apparently progressing well,

and who have no other symptoms of neuritis. It is the cause of
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many sudden deaths iu this disease. It may be preceded by a sus-

picious rapidity of the pulse aud a great pallor of the lips and face

for some hours or a day or two. In other cases the heart rate is

ominously slow, the pulse falling as low as 40 or 50. This paraly-

sis of the heart is no doubt due to interference with the functions

of the pneumogastric nerve. The nerve is evidently overpowered

with the toxin produced by the diphtheritic bacillus, but whether it

is in a condition of acute inflammation or simply one of destruction

or degeneration of its axis cylinders may be yet a question.

The extremities are usuallj^ paralyzed in diphtheritic polyneuritis,

although the paralysis in the arms and legs may not be so marked as

in the structures just enumerated. I have seen a child, for instance,

with internal strabismus, nasal speech, head-drop, and tachycardia

who was able to walk, although with a feeble gait. The paralysis

does not seem to locate itself so exclusively iu the extensor grouj)s of

muscles as in alcoholic cases. There is the same type of flaccid

atrophic paralysis that is seen in all cases of polyneuritis. The

electrical reactions are altered, although in mild cases there ina,y

not be comiDlete reactions of degeneration. One group of muscles,

however, may differ from another in this respect, owing to the fact

that the poison locates itself with varying degrees of iutensit}^ in

different nerves. There may be only a mild loss of faradic contrac-

tility in one set of muscles, while in another the response to faradism

may be entirely abolished. Abolition of the knee-jerks is very com-

mon; iu fact, the knee-jerks may be diminished or even abolished

after diphtheria without marked loss of power in the legs.

The diphtheritic poison sometimes causes the ataxic or sensory

type of polyneuritis. This is the type of diphtheritic pseudotabes.

In this form the gait is ataxic. The sensibility of the skin of the

legs and feet is diminished and there may be, although not com-

monly, some pain in the limbs. This form of diphtheritic jiaralysis,

especially when it occurs in adults, may simulate locomotor ataxia.

I once observed the case of a man, aged sixty years, who, after severe

sore throat which had evidently been diphtheritic, had anaesthesia

with numbness and tingling in the feet and legs and a very ataxic

gait. In his case a diagnosis of locomotor ataxia had been made by
a surgeon in attendance. Exact tests revealed sliglit muscular wast-

ing and paresis, especially in the muscles below the knees. The
knee jerks were entirely abolished. As an imi)ortant point for differ-

entiation in these cases, it is worth while to recall the fact that severe

pain in the affected nerves and muscles is not common in diphtheritic

])aralysiH. Certainly nothing like the fulgurant pains of tabes oc-

curs in this disease. The bladder and rectum are not affected >
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rule. The sexual power may be dimiuislied or even lost in severe

cases. Paralysis of the phrenic nerve and of the muscles of respira-

tion has been noted in dii)litheritic paralysis.

It should be borne in mind that the diphtheritic i)oison is not

limited in its effects entirely to the peripheral nervous system.

Small hemorrhages and foci of softening have been observed in the

brain and in the nuclei of the cranial nerves. Thus hemiplegia has

been noted as the result of a lesion in the internal capsule. Mendell

has reported such a case. Nuclear lesions occur and cause paralysis

of some cranial nerves, which may be permanent; and Dejerine and

others have observed alterations in the anterior horn of the gray mat-

ter of the spinal cord.

The course of diphtheritic paralysis is usually rapid and the prog-

nosis in the majority of cases is good. The possibility of sudden

death, however, from paralysis of the heart should be borne in mind.

Polyneuritis due to Lead.— The common form of lead palsy, as is

well known, is that in which the extensor muscles of the wrist and

hand and fingers are involved. This comes projoerly within the defi-

nition of a peripheral neuritis, but not so justly within that of a poly-

neuritis, as practically but one nerve trunk or even only one branch

of that trunk is involved. As, however, the paralysis is symmetrical

or bilateral, and as, moreover, lead does undoubtedly cause inflam-

mation of other nerves in exceptional cases, this particular paralysis

may be described here.

The wrist-drop or hand-drop of lead palsy is caused by a paraly-

sis of the extensor communis digitorum, the extensor primi inter-

nodii poUicis and extensor secundi internodii pollicis, the extensor

minimi digiti and the extensor iudicis, the extensor carpi ulnaris, and

the extensor carpi radialis longior and brevior. A peculiarity of lead

palsy is that in some cases it permits the patient to extend the hand

upon the wrist when the fingers are flexed. The flexor muscles of the

hand are not paralyzed, although their functions are improperly per-

formed. This is due to the physiological law already explained on a

preceding page, according to which, when any muscular group per-

forms a coordinate movement, its opposing group joins in that move-

ment. Thus in the normal action of the flexors of the hand, it is

necessary that the extensors should contract slightly and, as it were,

steady the arm and hand as though for a basis of action. When this

power of the extensors is lost, as in lead palsy, the flexor muscles act

in an awkward, feeble, and incoordinate manner.

In lead palsy the extensor muscle of the metacarpal bone of the

thumb and the supinator longus muscle are not paralyzed. These

important exceptions are characteristic of this form only of polyneu-
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ritis ; lience they have great importance for differentiation. Sensa-

tion, as a rule, is not affected in this limited form of lead pals3^ The

type of paralysis, as in other forms of polyneuritis, is the flaccid and

atrophic. Atrophy of the muscles occurs promptly and proceeds to

an extreme degree. The back of the forearms consequently becomes

flattened and apparently devoid of muscular tissue. The reactions

of degeneration show themselves usually in all their classical phases,

although in mild cases there may be merely a partial reaction of de-

generation. The muscles of

the forearm that are affect-

ed in lead poisoning are

supi:)lied, with one excep-

tion, by the posterior inter-

osseous nerve—not by the

radial, as is commonly said.

The exception is the exten-

sor carpi radialis longior,

which is supplied by a

branch from the musculo-

spiral. The radial is a sen-

sory nerve.

More widespread paraly-

sis is sometimes seen in

cases of lead palsy. Mus-
cles commonly affected are

the deltoid, biceps, brachi-

alis anticus, and supina-

tor longus. This is the

upper-arm type of paraly-

sis of Duchenne. These

muscles have some i:)hysio-

-Progressive Muscular Atrophy iu a Case of logical and auatomical, aS
Lead Poisoning. ,, n i • i

well as pathological, asso-

ciation, for as Duchenne showed they can be all made to react in uni-

son to an electrode placed at a certain point just above the clavicle.

Paralysis of the nerves and muscles of the leg also may occur in lead

poisoning. Some of the thigh muscles may be affected, but the mus-

cles most likely to suffer are the extensor muscles proper below the

knee

—

i.e., tlie extensors of the toes and the peroneal group. The
tibialis anticus is said to escape just as does the supinator longus

in the arm.

The polyneuritis due to lead is especially characterized by the

absence of pdin, in this respect presenting a marked contrast to alco-

FiG. 42.
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liolic neuritis. While arthralgic i:)ains are not uncommon in chronic

lead poisoning, they must not be mistaken for the pains of neuritis.

Even at the onset of paralytic symiitoms, pain in the nerve trunks

and in the paralyzed muscles is not common. Anaesthesia is also, as

a rule, conspicuous by its absence, although a slight numbness, or

even loss or retardation of sensation, may be noted occasionally in

the area of distribution of the radial nerve. Cramps are sometimes
observed in the legs at the onset of lead pals3^ They are not com-

FiG. 43. —Same as Fig. 42.

monly seen, however, in the arms. Tremor is a rare symptom in lead

poisoning, and especially in cases in which j)aralysis has occurred.

While the two symptoms are not incompatible with each other, they

do not commonly coexist, in my observation, in anj form of multiple

neuritis. The ataxic type of multiple neuritis, the so-called pseudo-

tabes, is occasionally seen in lead poisoning. I have recorded

such a case, to which reference has already been made.'' In these

cases a diminution or alteration of the sensory function may some-

times be detected by careful examination. In the case referred to,

Vol. XI.—28
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anaestliesia was observed in the legs, the hands, and the soles of the

feet. The legs and arms were slightly contractured. The external

and internal eve muscles were normal. Sexual power was normal and

the control of the bladder was perfect. The gait was ataxic, but

flapping of the feet was not marked. The hands and feet were

slightly oedematous. There was partial reaction of degeneration and

abolition of faradic contractility in all the paretic muscles. Optic

atrophy was noted hj Dr. Gould, no doubt the result of a preceding

optic neuritis. The diagnosis was of chronic lead poisoning, with

multiple neuritis and contracted kidney. At the autops}'^ no lesion

was found in the spinal cord, but microscopical examination revealed

the presence of neuritis. The absence of the flapping gait in this pa-

tient, so characteristic of locomotor ataxia, was due to a slight foot-

droj), which obliged the patient to lift his feet high from the ground

and bring them down with the toes first.

A tj'pe of progressive muscular atrophy is sometimes noted in

lead poisoning. Slow progressive wasting with fibrillation is seen,

and this accompanies instead of succeeds the paralysis. I have

recorded briefly such a case in my article on " Diseases of Occupa-

tions," page 364, Yol. III., of this series. The man was a workman
in a white-lead factory. He had extensive muscular atroph}^, involv-

ing the muscles of the arms and shoulders, and also, to a less extent,

those of the legs. The arms were wellnigh powerless, but the mus-

cles had not lost their electrical irritability. Sensation was not in-

volved. Since that report this patient has largely recovered the use

of his arms. (See Figs. 42 and 43.)

Other rare types of paralysis may occur in lead palsy. Remak *^'

reports an instance of mononeuritis multiplex or i)rogressive multiple

localized neuritis. It occurred in a typesetter, and began with amy-

otrophic i^aresis and reactions of degeneration in the muscles inner-

vated by the left ulnar nerve. There was no history of lead poisoning,

although the patient's occupation strongly suggests the possibility

of this. Three months later x>ai"alysis with par?esthesia began in

the right thigh. This was caused l)y localized i)eripheral neuritis

in the motor nerves to the iliopsoas muscle and in the anterior crural

iind r)bturator nerves. The process was shown to be peripheral by the

involvement of the sensory fibres of the anterior crural nerve and by
jjaralysis of the sartorius muscle, which does not occur in poliomye-

litis, and by the normal state of the tibialis auticus. The uluar nerve

f)f tlie right hand was next affected. Remak thinks tliat the course

of the disease justifies the diagnosis of i)olyneuritis, but this ueuritis

seems to liave been distributed in only well-defined areas and was
not general. Remak argues, not ver^' conclusively, that lead was not
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the cause of the neuritis, because this progressed after the man had

stox)ped working with type, and because lead palsy, in the rare cases

in which it appears in the lower extremities, never attacks the crural

muscles alone. The peculiarity of the case consists in its somewhat
erratic course and want of symmetry, and the name mononeuritis mul-

tiplex has been suggested for it.

Fraenkel '^" reports a case of multiple neuritis in which the left

facial nerve was involved and in which tumors of the skin were

present in the extremities. These developed in the early stages of

the disease and seemed, therefore, to have some relationship with it.

They were arranged symmetrically. Histologically they consisted

of small round cells, larger epithelioid cells, and si)indle-shaped and

giant cells. The tubercle bacillus could not be demonstrated in these

tumors and inoculation gave negative results. There was no history

nor sign of syphilis. Fraenkel claims that gummata of the skin,

when not successfully treated, will usually soften and ulcerate or

occasionally contract, in consequence of caseation at the centre. In

this patient, contraction of the tumors was observed, apparently as a

result of treatment. It has not been positivelj^ proven, however,

according to Fraenkel, that syphilis causes multiple neuritis. This

patient had been exposed to lead poisoning, but Fraenkel argues that

the facial paralysis, the severe and spontaneous pain, the sensitive-

ness to pressure of the nerves, skin, and muscles, are difficult to ex-

plain as symptoms of lead intoxication. Such granulomata of the

skin are certainly unknown in lead poisoning and facial paralysis is

rare in these cases. The possibility of a rheumatic origin of the

tumors is suggested. Whatever their origin, they seemed to have

been due to the same poison that caused the neuritis. Fraenkel,

however, is inclined to attribute the growths to syphilis.

According to Babinski paralysis of the diaphragm, of the inter-

costal muscles, and of the laryngeal muscles may occur in some

cases of acute neuritis due to lead. These are alarming complica-

tions and may end in death, but they are rare.

The Polyneuritis of Leprosy.—One type of leprosy, as already ex-

plained, is the anaesthetic form, or the trophoneurotic leprosy of

Leloir. This is marked by a prodromal period in which there may
be, according to Leloir, fever, a tendency to sleep, painful gastric

symptoms, and rheumatoid and neuralgic pains. Anaesthesia is

gradually established. Later there is an eruptive stage in which

extensive maculae form. Trophic lesions occur, such as extensive

destruction of the fingers and toes. With the anaesthesia there

usually occurs some degree of j^aralysis and muscular atrophy, with

which there may appear either partial or complete reactions of de-
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generation. The resemblance of some forms of anaesthetic leprosy

to the form of syringomyelia originally described by Morvan, and

called by his name, has been already referred to (see page 95).

Leprous neuritis is characterized by a yery chronic and progressive

course. It dei)ends upon an adventitious inflammation in which the

sheaths of the nerve and of the fasciculi are greatly thickened. This

eventually causes pressure upon and destruction of the axis cylinders.

Beriberi.—This disease has for its chief characteristic, as already

explained on a preceding page, an inflammation of the nerves.

Beriberi is of infectious origin and occurs especially in China,

Japan, and India, although in recent years it has been noted not

infrequenth^ in other regions of the globe. It is generally sup-

posed to be due to a microbe, although improper and insufficient

food is evidently an active factor in its causation. Thus in the case

of three men observed in the Philadelphia Hospital, reported by

Dercum,""^ a diet of old salt beef, most of which was spoilt, poor

bread, and occasionally beans, while the patients were working in the

phosphate beds in one of the West India islands, had evidently been

a potent cause. The disease is frequently associated with intestinal

parasites, although these have not been proved to have an etiological

relationship.

There are several types or forms of beriberi. In the very malig-

nant form febrile symptoms with anasarca predominate. In the

neurotic form the symptoms of peripheral neuritis are well marked.

These are numbness, anaesthesia, paresis, loss of the deep reflexes,

muscular atroph.y, and more or less general anasarca. The oedema

of the legs is a notable symptom. Balz and Scheube originally

demonstrated that the essential lesion in this disease consists in

a multiple i)eripheral neuritis. Other observers, notably Winkler,

Musso, and Morelli, have claimed that they have found a micro-

organism which is the cause of the disease. Some writers have ad-

vanced the oi)inion, with api)arently good reason, that beriberi is

not an infectious disease, but is due to the use of bad food, especially

poison coming from the use of certain kinds of flsh. It has been

found that careful regulation of the diet and the substitution of eggs,

fresh meat, and vegetables for a diet of fish and rice have reduced

the number of cases in the Japanese navy to a remarkable extent.

Diabetic Neuritis.—Neuralgic pains of a severe type have long been

noted in diabetes. It is now well known that these are caused by

irritation or inflammation of the nerves. The symjitoms of in-

volvement of the nervous system in dialietes are numerous. The
cerebral intoxication, causing coma, is the most conspicuous and

dreaded of these. It is probably caused by the presence in the blood
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of acetone or of some other substance generated in the retrograde

metamorphosis of the sugar compounds. This same substance is

probably the cause of the inflammation of the nerves which is occa-

sionally seen. The affection is rather more common in the legs than

in the arms. Pain of a sharj), lancinating character, or intense and
burning, is complained of. Anaesthesia niay be present, and this

may cause the ataxic type or the pseudotabes seen in this as in

other forms of neuritis. Paralysis and atrophy of the muscles are

sometimes seen. The muscles most affected are the extensor muscles

of the feet and toes. The palsy of these muscles causes the high

stepping gait with the drooping foot, which distinguishes pseudo-

tabes from true locomotor ataxia. The knee jerks are lost. The fol-

lowing illustrative case occurred

in my service at the Methodist

Hospital

:

E. R , white, woman,
aged 61, had suffered with dia-

betes for a number of years.

Just before admission to the
hospital she had an attack of

pleurisy which had reduced her
greatly. She was a thin, poorly
nourished woman, who com-
plained of nothing but general
debility. She had great thirst

and a ravenous appetite, in spite

of which she had lost over
sixty pounds. The urine con-
tained about five per cent, of

sugar and had a specific gravity

of 1.040. The quantity of urine
voided in the twenty-four hours varied from one hundred to one
hundred and fiftj^-seven ounces. This patient's nervous symptoms
began with pain and tingling in her legs. She had pain also in
the groin. There were abolition of the knee-jerks and slight ten-

derness on. pressure over the calf muscles and the peroneal nerve.

There was no distinct anaesthesia at that time, but there was slight

retardation of tactile sensation. She had a burning pain along the
inner aspects of the arms. Later she had a staggering gait. The
thermal sense was abolished in the toes and the soles of the feet.

Power in the left leg was less than in the right. The left arm was
weaker than the right and the deep reflexes were wanting in both
arms. Later the anaesthesia on the soles of the feet and on the toes

was marked and was accompanied with incoordination. The pa-

tient swayed violently when her eyes were closed. The muscular
sense was diminished in the left leg and the sensation to touch,

jiain, and temperature was diminished in the left leg below the knee.

Some oedema of the ankle set in. The pain in the feet was so

Fig. 44. Anaesthesia in Diabetic Neuritis. (Metho-

dist Hospital.

)
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great at times that the patient sat up neaiij^ all night. Acetone
was found in the urine. The accomi:)anyiug diagram (Fig. 44) shows
the areas of disturbed sensation in this jsatient.

Tabetic Neurifis. —As has been known for some years, locomotor

ataxia, especially in its advanced stages, may be associated with a

peripheral neuritis. The atroi^hy of the optic nerve, and even occa-

,j:m

Fig. 45.—Multiple Neuritis iu Locomotor Ataxia. (Philadelphia Hospital.)

sionally the involvement of the oculomotor nerve, have long been

known. Bourdon'" in 1861 was one of the first to note and describe

atrophy of the oculomotor and abducens nerves in tabes. Marotte

observed atrophy iu the muscular branches of the gastrocnemius in a

case of tabes. Subseciuent observations were made by Friedreich, who
found tlie hypoglossal, the sciatic, the crural, and the brachial nerves

atrophi(;d. Westi)hal also noted sliglit atroj^hy in the sciatic and

tibial nerves. These results, according to Pitres and Vaillard,'""

were not accepted readily by neuro])athologists, who claimed that the
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atrophies noted in the nerve trunks must have been due to jDrimary

alteration in the ganglionic centres of the nerves. Pierret, however,

in 1880, Dejeriue in 1882, aud Pitres in the same year, published

results of their observaticms upon degeneration of periijheral nerves

in tabes. It is now generally accepted that a peripheral neuritis

may occur in this disease. Pitres and Vaillard, in their classical

Fig. 46.—Muscular Atrophy, Probably due to Neuritis, with Double Ptosis, in Locomotor

Ataxia. (Burr.)

paper, conclude that the peripheral nerves are frequentlj' the seat

of alterations in tabes. These alterations do not differ from those

observed in non-traumatic neuritis. The distribution varies widely.

The changes usually begin in the terminal branches of the nerves.

Their extent and gravity have no constant relation with the extent

and stage of the posterior sclerosis. These authors claim, rather

dogmatically, that these changes in the nerves do not figure in the
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causation of the t'ulgurant pains in ataxia and tlie abolition of the

knee jerks; but, on the other hand, that they may cause areas of

cutaneous anaesthesia and analgesia, troi)hic lesions, such as per-

forating ulcer, and various eruptions, with dystrophy and falling of

the nails ; also motor jDaralysis, with or without muscular atrophy,

and arthropathies and spontaneous fractures. These authors con-

clude finally that some of the visceral crises may be caused by in-

flammation of the visceral nerve.

The illustration on page 438 (Fig. 45) is of a tabetic patient from

my clinic in the Philadelphia Hospital. She is in an advanced stage

of locomotor ataxia with all the classical sensorimotor symptoms of the

disease, such as incoordination, fulgurant pains, gastric crises of an

aggravated type, abolished knee jerks, and optic atrophy. She has

also had frequent luxation of the right shoulder-joint. She now has an

advanced stage of paralysis and muscular atrophy in all the extremi-

ties and even in the trunk. There is profound anaesthesia in some of

these parts. There are no arthropathies or trophic lesions of the

skin, but the luxation of the shoulder is probably due to some wast-

ing and weakness of the ligaments of the joint. Another patient

(Fig. 46) from Burr's clinic in the same hospital has marked muscu-

lar atrojjhy, probably due to neuritis, and also a characteristic double

tabetic ptosis.

Arsenical Polyneuritis.—This form is characterized especially by

pain, anaesthesia, paralysis, muscular atrophy, abolished knee jerks,

and ataxia. It may result from acute or chronic forms of poisoning.

It presents nothing especially distinctive.

Tuherculous Neuritis.—As already explained, when describing the

various causes of multiple neuritis, this affection, in a varietj^ of

grades and without constant distribution, maj^ appear in patients

suffering with tuberculosis. The nerves of the legs, especially the

great sciatic, seem to be especially ^predisposed to the action of the

poison.

Neuritis of Typhoid Fever.—In this form, as already stated, cer-

tain nerves, as the peroneal and ulnar, are especially liable to be in-

volved. In severe cases, however, the inflammation is more wide-

spread, as in the case already referred to, of which an illustration is

presented on the following page.

The Polyneuritis of Infiwenza.—According to Putnam' '"'^ multiple

neuritis, often of severe onset, may follow influenza. Optic neuritis

ma}' occur early. Other nervous lesions, such as meningitis, enceph-

alitis, and myelitis, may complicate the clinical pictui'e. This form of

polyneuritis is undoubtedly very rare.

In describing the above clinical forms, I have had reference
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chiefly to their etiology. Multiple neuritis, however, presents va-

rious types which are not caused exclusively by any one particular

poison. The most conspicuous of these is the ataxic tyjje, which is

caused by various x^oisons, as alcohol, lead, and the poisons of diph-

theria and diabetes. It has already been specially described in the

preceding i:)ages.

Another form sometimes seen is called neuritis migrans. This is

characterized by a slowly progressive neuritis extending or passing

from one set of nerves to another. It usually has a very chronic course.

Lunz'"^ relates a case in which curious atrophic symptoms were

probably due to a neuritis migrans. This peculiar affection oc-

currred in a woman, and dated from the period of her marriage and
exposure in field work. The first symptom was periodic pain in the

Fig. 47. —31ultjple Neuritis following Typhoid Fever. (Methodist Hospital.)

posterior part of the right thigh, radiating into the sole of the foot.

In about three years wasting of the right lower limb began, and the

patient noticed that the right breast was smaller than the left and

secreted less milk. Still later, the left cheek began to atroi)hy and

at the same time pain was experienced in it. Pains were noted also

in the back and in the left lower limb, as well as in the regions of the

right scapula and right upper limb. When Lunz examined the patient,

whose disease had then lasted about nine years, the wasting in the skin

and muscles of the left cheek was marked. Atrophy was also noted at

the inner border of the scapula, on the right side of the abdomen, and

in the right lower extremity. There was no true paralysis, but the

right leg gave out sooner than the left in walking. Pain was

increased by movement. Pressure over the lumbar and sacral ver-

tebrae and over the nerve trunks and muscles of the right low^er limb

caused sensations of pain. There was no anaesthesia or reaction of

degeneration. The patella reflexes were exaggerated. As the hyper-
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sesthesia and atrophy were limited distinctly to regions innervated by

certain nerves, tlie disease cannot be regarded as central. Lunz
believes that it was a neuritis migrans, and that the atrophj^ was

probably the result of vasomotor disturbance. It is scarcely neces-

sary to follow Lunz in his speculations on the vasomotor origin of

some of the symptoms in the case of his patient. He reasons that

the atrophy following joint disease can be explained by the irrita-

tion of sensory nerves, which acts on the vasomotor centres in such

a way that vascular constriction is caused. This patient also had

attacks of headache, vertigo, tinnitus aurium, sensations of heat and

cold, and free perspiration, all of which Lunz believes were due to

vasomotor disturbance.

Diagnosis.

Multiple neuritis requires to be distinguished especially from

locomotor ataxia, some forms of myelitis, the muscular dystrophies,

syringomyelia, insular sclerosis, and hj'steria.

From locomotor ataxia it is not always easy to distinguish multiple

neuritis. Mistakes are made more readilj?^ perhaps between these

two diseases than between multiple neuritis and anj- other affection.

This is true especially of the sensory or ataxic type of polyneuritis.

Locomotor ataxia differs from multiple neuritis in its mode of onset.

The fulguraut pains are lightning-like, spontaneous, and more inter-

mittent than the pains of multiple neuritis. Moreover, they are not

aggravated by pressure upon the nerve trunks and the muscles.

Paralytic phenomena are not seen earlj^ in tabes. The muscles do

not atroi)hy and present reactions of degeneration, except in the -rare

instances in which a peripheral neuritis is associated with a posterior

sclerosis. Ataxia and swaying with the eyes shut are common symp-

toms both in tabes and in the pseudotabes of polyneuritis, but in the

latter disease there is usually some degree of paresis and degenera-

tion of the muscles. Hence the gait differs in the two affections. In

tabes the gait is wide and flapping, the foot striking lirst with tlie

heel. In pseudotabes the gait is high-step])iug, with the foot dro])-

ping and striking first with the toes. This is due to the loss of power

in the peroneal and extensor muscles. In some few instances, it is

true, this gait of "step])age" is not marked in pseudotabes. In loco-

motor ataxia early i)aresis of tlie bladder and im])airment of the sexual

power are often seen. These do not occur in multiple neuritis. The
visceral crises of tabes are not simulated by any sym])tom in multi])le

neuritis, unless it be the pains of gastric catarrh in alcoholic i)atients.

These latter, however, have not the s])ontaneous and intermittent

character of the crises, and they are increased on pressure. The
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differences in the ocular symptoms are manifest. In locomotor

ataxia ojjtic atrophy is not uncommon while the characteristic Ai"-

gyll-Eobertson pupil is fre(iuently seen. This consists of a paraly-

sis of the iris to light, with preservation of its contractility on ac-

commodation. Nothing like this is seen in any form of multiple

neuritis. The claim made by Eperon, that he had found the Argyll-

liobertson pupil, with other tabetiform symptoms, in patients suffer-

ing with toxic ambylopia and symptoms of multix)le neuritis, has

already been referred to (see page 425). From his own reports

there can be little doubt that the patients had posterior sclerosis.

In diphtheritic neuritis there may be paralysis of accommodation,

without paralysis of the iris. In multijile neuritis, it is true, there

may be optic neuritis or j)Ost-neuritic atrophy in patients who have

long been exposed to lead, alcohol, and tobacco; but this symj^tom

is not associated with the i^rgyll-Robertson pupil. The history in

such cases also throws light ujion the diagnosis. Finalh^ multiple

neuritis, as a rule, is a disease of much more rapid onset than loco-

motor ataxia. In severe cases the patient may pass from a condition

of comparative health to one in which he is confined to bed totally

paralj^zed. Locomotor ataxia, it is true, may sometimes have a rapid

evolution, and the early stage in these cases may closely simulate

multiple neuritis. Thus I have reported a case of acute locomotor

ataxia^^ in a ship's carpenter, which began apparently as an acute

multiple neuritis caused by the patient becoming overheated on ship-

board, while crossing the equator, and then having himself drenched

with buckets of cool water. The symi:)toms which supervened in a

few days were motor paralysis and anaesthesia of the extremities;

but later the patient developed well-marked tabetic symptoms, with

arthropathy of the ankle-joint. Such a case raises the question

whether acute multiple neuritis may be the starting-point for an in-

flammation of the posterior column of the spinal cord. I have made
several observations which tend to support this view. Riesmann
and the writer'""* have reported a case of endocarditis with septicaemia

and multiple neuritis, alread}^ referred to in this article, in which

there was degeneration of the jjosterior column of the spinal cord.

Trophic lesions, such as perforating ulcer and arthropathies, are

seen in tabes, but not in multiple neuritis. In the latter disease

muscular atrophy and oedema are the chief trophic symptoms.

Finally, the etiology of the two diseases differs. Tabetic patieuts

very frequently have a history of syphilis; patients with multiple

neuritis have usually a history of exposure to some poison or toxin,

possibly associated, especially in alcoholic cases, with privation and

exposure to cold and wet.
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Various forms of myelitis may simulate multiple neuritis. An-

terior poliomyelitis causes a flaccid paralysis witli reactions of

degeneration, but tliis parah^sis is usually confined to the muscles of

one limb. Subacute anterior i)oliomyelitis, diffused througli all the

spinal cord, is a rare disease, which closely simulates multiple neu-

ritis It is usually marked by fibrillation of the muscles and does

not present the same rapid, absolute atroj)hy, with reactions of

degeneration, that is seen in multiple neuritis. The faradic con-

tractility especially is not so promptly abolished. Sensory symp-

toms, such as anaesthesia and pain, are lacking in the disease.

Transverse myelitis is marked by spastic paraplegia, with exag-

gerated knee jerks, and paralysis of the bladder and rectum, all in

marked contrast with multiple neuritis. When in the lumbar enlarge-

ment, however, myelitis causes a flaccid paralysis, with muscular

atrophy and the reactions of degeneration; but there is paralysis

of the bladder and rectum, and the paralytic sj'mptoms are con-

fined strictlj^ to the legs. This is not seen in multiple neuritis.

From syringomyelia multiple neuritis may be distinguished in

some cases only with care. The localization, however, of the lesion

of syringomyelia, usually in the cervical but sometimes in the lumbar

region of the spinal cord, the characteristic dissociation symptom in

which tactile sensibility is preserved while the pain and thermal

sense is abolished, and the spastic paraplegia with trophic lesions,

all serve to distinguish the disease. The association especially of an

atrophic paralysis of the shoulders and arms, with spastic para-

plegia, is characteristic of syringomyelia, and is never seen in mul-

tiple neuritis.

The muscular dystrophies are characterized by an atroj)hy of the

muscular masses, and hence may simulate, superficially, multiple

neuritis. But symptoms depending on nerve lesions are entirely

absent in these diseases. There is neither pain nor anresthesia, nor

even jiaralysis, except what is caused inevitably by the gradual loss

of muscular tissue. The reactions of degeneration are not seen in

their typical i^hases. Moreover, the evolution of these diseases is

extremely slow, and there is not unusually a familial history to ac-

count for them.

Insular sclerosis could scarcely lie mistaken for multiple neuritis.

The wide intention tremor, the nystagmus, the scanning speech, the

exaggerated knee jerks, all distinguish the disease.

Grave forms of hysteria may aimiilate multiple neuritis. This is

true especially of some of the bizarre forms of jiaralysis, with

anorexia and extreme emaciation, that are occasionally seen. Such
cases have been reported by Gull, Duckworth, Lasegue, and the
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author. In these cases, while the paralysis and contractures may
be marked and the general emaciation may closely simulate muscu-

lar atrophy, yet there is no true degeneration nor reactions of degen-

eration, as a rule. It is true, some observers claim to have seen the

latter, but they must be extremely rare and can occur only in cases

in which organic disease has supervened in hysteria. The knee

jerks are not abolished in hysteria and there is an absence of the

characteristic pain in the nerve trunks and muscles. Anaesthesia

may occur in definite areas, especially the segmental type of anses-

thesia, or anaesthesia in geometrical figures. The most important

guides are the various mental and physical stigmata that usually

characterize hysteria.

Prognosis.

The prognosis of multiple neuritis depends, first, upon the cause

;

second, upon the severity of the case ; third, upon attendant circum-

stances. Some causes naturally excite a more grave and inveterate

form of neuritis than do others ; or, to express it more accurately, the

cause of the neuritis is some inveterate disease from which the pa-

tient cannot recover. Thus the polyneuritis of diabetes, tubercu-

losis, leprosy, and locomotor ataxia is rather of the nature of a

complication than of a distinct disease. The affection which it com-

plicates in any one of these cases is by nature practically incurable

;

and consequently this complication does not admit of a favorable

prognosis, as a rule, with respect even to itself. There are some ex-

ceptions, however, even in this class of cases. Thus a mild grade

of polyneuritis in diabetes does not necessarily require a hopeless

prognosis. The symptoms of these cases may be controlled or re-

missions may occur spontaneously. The affection, however, in dia-

betes is apt to be recurrent and ultimately it may practically be

permanent. In anaesthetic leprosy the prognosis is altogether bad,

for while the course of the disease is extremely slow and chronic, with

periods apparently of prolonged latency, yet the disease inevitably

progresses. In tuberculosis the cure of multiple neuritis can scarcely

be hoped for. The affection is apt to remain and torment the pa-

tient for the remainder of his or her life. If it does not advance

beyond the involvement of a few nerves, this is probably due to the

fact that the pulmonary disease kills the patient before the neuritis

can extend further. In locomotor ataxia, of course, when multiple

neuritis complicates the clinical picture, the outlook is all the more

hopeless for these patients ; and yet the duration of the disease, even

after this complication is well established, does not seem in some

cases to be materially shortened by it. In the case from my clinic
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(see Fig. 45), the neuritis lias been slowly progressive for several

years and still the course of the patient's primary disease does not

seem to be materially hastened h\ it. She is, of course, entirely

confined to bed, and this fact has seemed to me to be rather conser-

vative than otherwise in her case.

Another class of causes comprises alcohol, diphtheria, lead, and

the other metallic poisons. These poisons do not necessarily excite a

fatal neuritis. In estimating the prognosis in anj^ of these cases,

the cause itself sinks into comparative insignificance compared with

the severity of the symptoms and concomitant circumstances. In al-

coholic cases it is not always the neuritis itself that kills. Pulmo-

nary, cardiac, hepatic, and renal complications may have a determin-

ing effect. The most serious complications depending on the

neuritis itself are enfeeblement of the heart and embarrassment of

resxjiration. In cases in which advanced tachycardia is present and

the expansion of the chest during inspiration is much impaired, a

guarded prognosis should be given. These symptoms, however,

affect the prognosis as to life rather than duration. In other words,

the patient may escape with his life in cases in which these sj'mp-

toms have been threatening and yet he may have a most protracted

course of i)aralysis with very slow recovery. The duration, in fact,

of these alcoholic cases is sometimes most protracted. It is not un-

usual for the patients in severe cases to remain paralj'zed, and even

bedridden, for many months. I have known several cases in which

little progress had been made even after a year's treatment in the

hospital. In some instances, in fact, the patient with alcoholic neu-

ritis ma}^ be permanently paralyzed, with contractures at the knee-

joints. In alcoholic cases, again, the mode of onset has not a little

to do with the i^rognosis. Thus cases with a sudden or acute onset

are much more likely to present dangerous complications than cases

in which the onset is slower and more insidious. This of course is

simi)ly saying, in other words, that in severe and pernicious cases the

poison acts with more rapidity and malignancy than in milder cases.

In postdiphtheritic paralysis the prognosis depends upon a

variety of circumstances. In cases which occur early

—

i.e., before

the throat is cleared and convalescence has well begun—the issue

is more doubtful than in cases the onset of which appears sev-

eral weeks later. The chief complication to be feared, however, is

paralysis of the heart. Extreme rapidity of the heart, with impair-

ment of the first sound and weakness of the impulse against the

chest wall, and with Dallor of the skin and mucous membrane, is

always a sign of grave import. It does not necessarily betoken,

however, a fatal issue. The opposite condition or bradycardia, in
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which the heart beat is much diminished in frefjuency, sometimes

to as low as 50 or even 40 to the minute, should also lead to a

guarded prognosis. It is by heart failure, in fact, that diphtheritic

paralysis usually kills. If the patient escapes this danger the re-

covery is almost without a question assured. Exceptions to this

rule may occur in cases in which there is very widesi)read paralysis

and in which palsy of the palate, i)harynx, and possibly even the

tongue renders swallowing difficult or even impossible. In such

cases general prostration rapidly suj)ervenes and the patients die of

exhaustion.

Lead poisoning seldom destroys life by involvement of the periph-

eral nervous system. Very acute, pernicious cases of widespread

paralysis have, however, been reported, in which death has occurred.

Such cases are extremely rare. The danger in lead palsy is of a more

or less protracted muscular atrophy with corresponding loss of j)ower,

especially in the extensor muscles of the forearm. This paralysis

may last for years—and I have seen cases which gave every j^romise

of being permanent. In the more widespread muscular atrophy of

the type already described and illustrated (see page 434), the course

is very chronic and the duration uncertain. In the case referred to,

however, I have seen progressive improvement, and some of the para-

lyzed and wasted muscles have been restored, although the patient

is still in the hospital after a period of three years.

In arsenical paralysis recovery is not rapid. In acute cases in

which the poison has been taken by the stomach, the danger, how-

ever, is from the gastrointestinal irritation. Secondly, the severity

of the case, from whatever cause it arises, has, as we have already

said, much to do with the prognosis. In cases in which the onset is

acute and the disease widespread, the dangers to life are much greater

than in cases in which the disease has a more insidious onset and

a more chronic course.

Finally, the conditions and circumstances of the patient have

something to do with the prognosis. In women who have been

much reduced by hard work, exposure, poor food, and over-child-

bearing, the prospects are that the course of the disease, even if the

I>atient escapes with her life, will be much protracted. I am not

sure, however, that sex itself materially influences the prognosis.

Men, who have been much exposed and reduced, offer as little re-

sistance to the disease as do women. Hence patients among the

poorer, and particularly the pauper classes, are especially likely to

suffer from a protracted course of the disease. After any one of the

infectious diseases, by which the patient's strength has been much
reduced, convalescence is much delayed by an attack of neuritis, and
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the paralysis itself usually pursues a clironic course. This depends,

of course, upon the extent of the distribution of the neuritis. In

cases in which only one or a few nerves are involved, as for instance

the peroneal and ulnar nerves in typhoid fever, recovery may be sat-

isfactory' after a comparatively short course.

Morbid Anatomy.

I have already discussed, in a preceding section of this article

(see page 42), the general subject of the pathological anatomy of

nerves. In that section the anatomy of neuritis was described, and

reference can be made to it for details, which need not be repeated

here.

Morbid anatomists usuallj^ describe two varieties of neuritis;

first, the parenchymatous, and, second, the interstitial. As Mme.
Dejerine-Klumpke'" has well said, whatever may be the cause of

polyneuritis, its pathological anatomy is nearly always the same.

According to this observer, the lesions reproduce in effect in the

great majority of cases the well-known characteristics of parenchy-

matous neuritis, i.e., segmentation of the myelin, proliferation of

the nuclei in the sheath of Schwann, destruction of the axis cylinder,

and final atrojjhy, more or less complete, of the nerve fibres. This,

in brief, is the clinical picture presented by the ideal parenchyma-

tous neuritis. It does not, however, take into account sufficiently,

in my opinion, the alterations in the blood-vessels and in the con-

nective tissue which characterize even this type of cases. The

fault in the classical distinctions, too much insisted on by some

pathologists, between the parenchymatous and interstitial varieties

of neuritis is that in describing the former they too much ignore the

vascular and interstitial elements of the nerves. As we have seen,

in discussing the etiology of polyneuritis, this disease is usually

caused by some irritant or poison circulating in the blood. It must,

therefore, reach the nerve fibre through the small blood-vessels, and

it is not unreasonable to su])pose that these will react against the

poison just as the neuron does. Hence some thickening of the mi-

nute blood-vessels and proliferation of connective tissue is to be looked

for even in cases of parenchymatous neuritis.

The pure type of interstitial neuritis is marked by proliferation

of the connective tissue of the nerve, in some cases by thickening of

its sheath, by congestion and swelling of the nerve trunk, dilatation

of its vessels, extravasations of blood, and even, in some rare cases,

by formation of pus. But in these cases the lesions certainly do

not respect the nerve tubules and their contents. These are pressed

upon and in many instances destroyed. Usually the myelin is
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broken up, the axis cylinder is destroyed, and the nuclei in the sheath

of Schwann proliferate. This type of neuritis has been claimed by

some observers to be seen almost exclusively in the acute and rap-

idly fatal forms of neuritis. This claim is criticised by Dejerine-

Klumpke, who very justlj^ points out the fact that parenchymatous

lesions, while less jDronounced, are not absent. These are segmenta-

tion and disappearance of the myelin, with destruction of the axis

cylinders. From my own observations, it seems to me to be an ex-

aggerated claim that the ordinary cases of multiple neuritis preserve

a purely parenchymatous type. It may be true, however, that in

ordinary polyneuritis the nerve tubule and its contents, the myelin

and axis cylinder, suffer first and most from the poison diffused into

them from the blood ; but certainly, in advanced cases at least, the

evidences of involvement of the connective tissue are not lacking.

In pure parenchymatous neuritis, changes are not visible to the

naked eye. Under the microscope, however, the disajjpearance of

the axis cjdinders and the segmentation of the myelin are very

marked. In the interstitial type of neuritis the nerve may be per-

ceptibly thickened and altered in texture, even to naked-eye inspec-

tion. Under the microscope the connective tissue is seen to be

enormoush' increased, lying in concentric lamina about the fasciculi.

The blood-vessels are also thickened and usually crowded with cor-

puscles. Free leucocytes may be found in the tissues of the nerve,

although the formation of pus is not common. This was distinctly

the type of neuritis observed by me in the case of septicaemia alread}""

referred to. In that case the nerve fibres were also involved in a de-

generative or destructive process. Many of the axis cylinders had

disappeared.

The formation of pus is more likely to occur in cases of isolated

neuritis, for instance, as after trauma. The type of inflammation in

these cases is distinctly hemorrhagic and interstitial. In one case of

sciatica I saw this type of inflammation well marked. The nerve

was percei)tibl3' swollen and congested; blood and pus were ex-

travasated through its structures.

It is iDossible that some pathologists, who have so strongly in-

sisted upon a purely parenchymatous neuritis, have been merely look-

ing upon a Wallerian degeneration of the axis cylinder of the neuron,

which had resulted from a more distinctly inflammatory lesion in

some other part of its course. Certainly, from their descriptions,

the parenchymatous neuritis exactly simulated a degeneration of the

axis cylinder. Babinski calls attention to this fact in discussing the

absence of distinct or special lesions due to the various causes of

neuritis.

Vol. XI. -29
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Gombault"' has described what he claims to be a special type of

neuritis due to lead. This is the so-called "periaxial neuritis. It is

characterized by the preservation of the axis cylinder, with a group-

ing of the fragments of myelin along its course. This preservation

of the axis cylinder seems to be a special characteristic of this type

of cases. In some cases the nerve fibre is slender and of small calibre.

These lesions in cases of lead poisoning, according to Gombault, are

irregularly- disseminated. According to Dejerine-Klumpke, the peri-

axial form of neuritis predominates in cases caused by mercury.

In leprous neuritis, the adventitial or interstitial type is common.

The sheaths of the nerves and the intrafascicular connective tissue

ure often enormously thickened.

According to Abraham,'"'"'' the median, ulnar, posterior tibial, and

peroneal nerves are most commonly affected. The facial and radial

rank next in liability to attack. In some cases the recurrent laryn-

geal nerve is attacked, and this causes aphonia. The affected nerves

are the seats of fusiform swellings, which are reddish-gray in color

and translucent and gelatinous in appearance. These may be from

two to four times the diameter of the normal nerve. They are often

larger at places where the nerve is superficial, as behind tlie internal

condyle of the humerus or below the head of the fibula. These swell-

ings are due to a perineuritis, in which there is a proliferation of the

so-called "lepra" cells. The axis cylinders degenerate, but this is

apparently a secondary process.

In alcoholic multiple neuritis, the consensus of opinion seems to

be that the parenchymatous type predominates, although most au-

thors describe a mixed type in which the connective tissue, as well

as the axis cylinders, are involved. This is in accordance, also, with

my own observations. It seems probable that alcohol acts primarily

on the axis cylinder of the neuron; as this degenerates and dies, a

secondary inflammatory x>rocess takes place in the connnective tissue.

It is an interesting question, in this connection, whether the products

of retrograde metamorphosis in the degenerating axis cylinder and

the segmenting myelin may not constitute irritant substances which

act still further to promote an inflammatory reaction in the connec-

tive-tissue elements.

In diphtheritic paralysis, the change is usuallj^ limited largely to

the nerve fibres ; hence it preserves a type of x'^renchymatous neu-

itis. The toxin of the disease evidently acts primarily ui)on the

neuron and its axis cylinder, and the evidence seems to be that the

latter is not alone affected, for the degenerative or inflammatory proc-

ess is observed to extend up to the roots of the nerves. Moreover,

in many cases, as is well known, the nuclei of the nerves {i.e., the cell
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bodies of the peripheral neurons) are involved. According to most
observers, the interstitial connective tissue is not involved to a

marked extent in postdiphtheritic neuritis.

The distribution of the neuritis varies in difi'erent cases. In the

alcoholic cases, the terminal branches and the i^eripheral portions

of the nerves are most involved. The inflammation extends up along

the nerve trunk to a variable extent, but it usually ceases entirely

some distance below the spinal roots. In diphtheritic paralysis,

however, as already said, the inflammatory or destructive process

may involve the whole neuron. In some forms of neuritis, especially

that due to lead, the distribution is segmental in type, i.e., various

portions or segments only are involved and these may not be neces-

sarily contiguous segments.

The changes in the muscles are usually those of degeneration

with loss of striation of the muscular fibres and some proliferation of

the connective-tissue element.

The spinal cord is usually not involved in typical cases of multi-

ple neuritis. It is yet a question, however, whether the acute infec-

tious poisons do not involve the whole of the neuron, in certain

cases, and hence invade to some extent the sijinal cord. Berkely's

investigations upon the action of ricin and other poisons seem to

show that the whole neuron is involved; and this may yet be

proved to be true in some cases of multiple neuritis. In a case of

septicaemia already referred to I once observed degeneration of the

posterior columns of the spinal cord in association with a widespread

multiple neuritis.

Treatment.

The first and most important indication in the treatment of multi-

ple neuritis is to remove the cause. This subject, in some cases espe-

cially, is not to be slighted or ignored. Alcoholic patients require

careful supervision in this respect. This is true of women in private

practice, rather than of hospital cases, for women in their own house-

holds, if not carefully guarded by reliable attendants, will often find

a way to obtain surreptitiously the coveted drink. Thus the best

plan of treatment may be frustrated. I have known a woman to bribe

a negro servant to bring her whiskey when she was bedridden with

paralysis. In the case of the metallic poisons, the utmost care

should be taken to avoid a continued action of the cause ; or, what

is more likely to occur, a return to the circumstances which entail

an exposure to the metal. Thus, in cases of lead palsy in work-

men, it is often difficult to prevent the patients from returning to their

work as soon as their worst symptoms have disappeared. Hence a
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relapse is likely to occur, and the second attack will jjrobably prove

worse than the first. I have frequently seen such cases in hospital

practice, so that I have become impressed with the necessity of advis-

ing workmen who are afflicted with neuritis due to lead to abandon

the work altogether. It is only by this course that many of them can

escajDe permanent disability.

Other important indications in treatment are to relieve pain, to

j)romote elimination, to control the inflammatory action in the nerve

trunks, to guard the heart and respiration, to prevent contractures, to

promote repair, and to preserve the patient's strength and nutrition.

Too much stress should not be laid upon the necessitj^ of relieving

pain. A certain amount of pain is inevitable in these cases, and if

the attempt is made to keep this symptom under thorough control,

it will result in the patient being more or less constantly under the

influence of sedative drugs. Hence the danger will arise of his sim-

l)ly substituting one bad habit for another. Alcoholic patients espe-

cially will soon become eritirely dependent upon these drugs. As the

pains in the active stage of the disease may continue for some weeks,

they cannot be controlled with drugs without a positive risk of per-

manently injuring such patients. Therefore I advise great caution

in the use of morphine or any opiate in alcoholic multiple neuritis.

I have frequenth^ treated these invalids successfully, and with at

least a comparative degree of comfort to themselves, without the

use of any opiate whatever. In my observation this one drug is

more fraught with mischief to such patients than all other drugs to-

gether, unless it be the equally pernicious cocaine. For the relief of

pain, rest in bed and proper support for the legs and feet are in

themselves sovereign remedies. If they are i)roperh' used, the pa-

tient, although perhaps not absolutelj'^ relieved, is nevertheless made
fairly comfortable and kept in a much better conditiou for recovery

than when his or her system is still further devastated by opium and

cocaine. To promote this rest, the legs should be swathed in flannel

bandages and the feet enveloped in cotton wool. This last precaution

is especially indicated in those cases in which the soles of the feet are

exquisitely sensitive. This cotton dressing promotes warmth and free

sweating, and both of these are beneficial to the sore and paralyzed

parts. In case anodyne drugs are deemed absolutely essential,

however (it is only in alcoholic cases that they will be likely to be

so), there can be no doubt that mori)hine is the most efficacious. If

used, it should be given under the skin, and it is best if possible not

to let the patient know what drug he or she is getting. Small doses

only should be used (from one-eighth to one-sixth of a grain), so as

not to keep the jjatient too deeply under the influence of the drug.
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Mori)liine should not be used by rote, but only to meet an urgent in-

dication ; and better if possible in the evening, so as to promote a

night's sleep. It should be kept strictly under the control of the

physician and given only by his hand, and its use should be sus-

pended or entirely stopi)ed at the earliest possible moment. Cocaine

is also a potent drug to relieve j)ain, but it has already done so much
evil to the slaves of habit that its use should be entirely interdicted

in alcoholic patients. The coal-tar preparations, such as antipyrin,

phenacetin, and exalgin, are of less value. They tend to deplete

the blood, and are not very efficient as analgesics for patients with in-

flamed nerves. Finally, it should always be borne in mind that time

tends to relieve this symptom, and that this time will be perceptibly^

shortened if the i^atient's system is kept in the best possible condi-

tion by promoting the assimilation of food.

To promote elimination, especially in the early stages of the dis-

ease, when the patient's system may still be saturated with the poi-

son, various drugs are of use according to the case. In alcoholic

cases mild diaphoretics and diuretics are of value, especially if the

action of the kidneys and liver is impaired. Hot diluent drinks, such

as lemonade not too highly sweetened, and the ordinary spirits of

Mindererus, are indicated. If there is albuminuria or an impaired

excretion of the solids of the urine, I am fond of using a weak prepa-

ration of Basham's mixture of acetate of iron and ammonium, even in

the early stages. In cases of lead poisoning the earh^ administration

of sulphuric acid and the iodides is strongl}^ indicated. Warm baths

injjatients who are not too weak are beneficial. They tend to restore

circulation in the extremities and promote a free action of the skin.

To control the inflammatory action in the nerve trunks, we have

no real specific. The rest in bed and enveloping the extremities in

flannel and cotton are probably after all as efiicient for this purpose

as any drugs can be. Many authorities, however, recommend the

use of the salicylates of sodium or ammonium. These are supposed

to control in some way the inflammatory action in the nerves. They
may, however, be very disturbing to the stomach, and thus do more

harm than good. I have never assured myself, in fact, that any

prex^aration of salicylic acid was of much use in any stage of multiple

neuritis. The same may be said of iodide of potassium and of the

mercurial preparations. The so-called alterative action of these

drugs is very little manifested in this disease. When administered

after the acute stage is passed, they are probably often credited with

an improvement that is merely coincident with, and not consequent

upon their use.

Special attention should be paid, i:)articularly in grave cases, to
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the action of tlie heart and respiratory muscles. In cases in which

tachycardia is marked, complete recumbency should be enjoined.

The patient's head and shoulders should not be elevated even by high

pillows. This precaution is especially necessary in cases of diphthe-

ritic paralysis. In alcoholic cases the temptation may arise to give

the patient small doses of whiskey or some strong wine, but I do not

believe in this treatment, as it seems contrary to reason to use as a

remedy the substance that has already acted as the cause of the

disease. I have relied most in these cases upon the administration

of digitalis, strophanthus, caffeine, and strj'-chnine. I have usually

been impressed with the fact, however, that digitalis and strophan-

thus do not readily exert their full physiological action uj)on the heart

in these cases, especially in those due to alcohol. This is probably

because the pneumogastric nerve is involved in the inflammatory proc-

ess, and consequently offers resistance to the action of these reme-

dies. Strychnine under the skin in full doses (from one-twentieth to

one-thirtieth of a grain in adults) is by far the most reliable stimu-

lant for these cases. Caffeine, because of its simultaneous action

upon the brain, the heart, and the kidneys, is useful. Its irritating

effects upon the stomach, however, must not be ignored. In diph-

theritic cases an alcoholic stimulant is urgently indicated in cases in

which heart failure is threatened.

The contractures, which cause so much pain and even ultimate

deformity in multiple neuritis, are not easily overcome. Patients do

not bear extension well, because of the extreme sensitiveness of the

legs and feet. Bandaging to a splint, applied alongside of or beneath

the knees, may be tried. Such a splint usually becomes very irk-

some, however, and in some cases seems to increase the pain. Gentle

massage and an occasional persistent passive extension of the legs

will do much to prevent these contractures. Later in the case, when
the painful stage has passed by, this massage and passive extension

should be practised still more assiduously, and they -then act verj^

satisfactorily.

To promote the tone and power in the paralyzed muscles when the

stage of recovery has begun, electricity is a valuable remedy. It

should not be used early in the disease, as it then increases the pain

and probably tends to favor contractures. When used later, the

galvanic current is likely to be the more efficacious, as the faradic

contractility of the muscles may still be diminished or even abolished.

As long as this contractility is impaired, tlie use of the faradic current

is probably in vain.

Finally, every effort should be made to maintain the patient's

nutrition. Special attention should be i)aid to the functions of the
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gastrointestinal tract. If tlie digestion is i)oor, a jjreparation of

pepsin and hydrochloric acid is indicated. The bowels should be

kei)t active by mild laxatives and an occasional enema of warm water

and soai:>suds. Only the simplest, most nutritious, and most diges-

tible food should be given, and special attention should be paid to

the administration of proper quantities. These x>atients, especially

in the early stages, often eat poorly, and their api)etites must be

tempted, or at least the patients should be induced to take habitually

a sufficient supply.

During the stage of improvement, the use of strychnine, prefera-

bly under the skin, and of some preparation of iron is often indicated.

These patients frequently are anaemic, and hence are benefited by

iron. I prefer Basham's mixture, because it is easilj^ and rapidly

assimilated, and acts satisfactorily to promote elimination by the

kidneys. Blaud's pills, however, are valuable, especially in women
whose blood-making powers are much reduced. I do not like arsenic

for these cases, because of its well-known tendency, when continued

for a long time, to irritate and even inflame the nerves.

It is thus seeu that the treatment of multiple neuritis is in the

main simple. The disease is not one that demands inordinate dos-

ing with a great variety of drugs. Time and patience are sovereign

remedies, and will be required usually in large measure. If the

patient is put in a proper state of rest and nutrition, and is protected

from the injurious effects of the poison which has induced his dis-

order, and also from the effects of worry and excitement, it will be

found usually that the natural tendency of the disease is towards

recovery. The practitioner should avail himself of this tendency,

and should control the natural impatience of the invalid and his

friends by the exercise of proper moral influence. Even in grave

cases, in which death is threatened, we have no better remedies than

those indicated above.

DISEASES OF THE SYMPATHETIC NERVOUS
SYSTEM. *

This system consists of a group of ganglia associated especially

with the fifth nerve, and a chain of ganglia on either side of the

spine, extending from the skull to the coccj^x. These ganglia, par-

ticularly those along the spine, are united by intervening branches

from one to the other in the series, and also by some transverse

* I have to acknowledge the valuable assistance of Dr. William G. Spiller in

preparing this section on the sympathetic nervous system. The work of literary

reference especially has been done by Dr. Spiller.
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branches passing across from the ganglia of one side to those of the

other. The ganglia are less numerous than the vertebrse, there being

but three in the cervical region, twelve in the dorsal, four in the lum-

bar, five in the sacral, and one in the coccygeal (Gray). The chief

branches of each ganglion of the sympathetic are three in number,

namely, (1) branches to the neighboring ganglia of the system; (2)

branches to the cerebrospinal nerves
; (3) the branches of distribu-

tion, which pass either to the arteries, to the viscera, or to other large

ganglia forming supplementary centres within the cavities of the body.

The ultimate distribution, however, of all the terminal branches of

the sympathetic system seems to be in connection with the small

blood-vessels.

The chief subdivisions of the sympathetic nervous system are the

cavernous plexus, cervical portion, carotid plexus, the great solar

plexus, the thoracic branches with the great splanchnic nerve, and

the pehdc i)lexus. There are numerous smaller plexuses which need

not be named here. The fibres of the sympathetic nerve, as already

explained, are non-meduUated.

The functions of the sympathetic nervous system are varied. This

system has probably largely to do with the control of the blood sup-

ply in the various parts and organs. It thus probably influences in-

directly the secretion of sweat and the activity of the various glands.

Among its si)ecial functions may be mentioned the following

:

The cervical sympathetic controls the dilatation of the pupil ; it

supplies motor fibres to Miiller's muscle

—

i.e., the unstriped muscular

fibres of the orbit ; it controls the action of the salivary glands and

of the sweat glands of the face and neck : and, finally, it sends vaso-

motor branches to the ear, side of the face, conjunctiva, and to the

parts generally in the eye, throat, and brain and its membranes.

In the thorax, the sympathetic supplies accelerator fibres to the

heart; these probably have their origin in the medulla. It gives

origin to the great splanchnic nerve. In the abdomen and pelvis,

in addition to its connection with the great glandular structures, it

contributes motor and vasomotor fibres to the large intestine, blad-

der, ureters, uterus, vas deferens, and vesicul^e seminales. According

to Landois and Stirling, stimulation of the abdominal sympathetic

causes increased movements in these organs, while section of these

nerves is followed by dilatation of the blood-vessels with derangement

of the circulation and with trophic lesions. In the thorax and abdo-

men the sympathetic is subdivided into minor plexuses, which have

s])ecial connections with the various organs. The suprarenal cap-

sules, in which the nerves are extremely numerous, have connections

with the renal and solar plexuses.
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Tlie pathology of the sympathetic nervous system is exceedingly

obscure. Derangement of this sj'stem jorobably enters into the symp-
tom-complex of many diseases, but the difficulty is to distinguish

exactly what its particular symi)toms are. Without stopj)ing to in-

dulge in speculation, I shall describe very briefly the few known facts

about the diseases and injuries of the symjoathetic.

The cervical portion of the sympathetic is the most exposed to

direct injury. It may suffer from penetrating, incised, and gunshot

wounds; from blows, pressure, and contusions; also from tum-

ors, such as aneurj^sms, enlarged glands, exostoses, and malignant

growths. According to some authors, it may be irritated by affec-

tions of the apices of the lungs and the overlying pleura. It is not

usually the seat of any acute iuflammatorj^ disease, such as is caused

by an infectious process or b}^ exposure to cold. This portion of the

sympathetic, however, may be involved in cerebral lesions, as has

been noted by Nothnagel. Symptoms of irritation have been noted

in a few cases of hemiplegia. Three very striking cases were pub-

lished by Windscheid "' of hyperidrosis, in which a pathological

condition of the seventh nerve existed. Dufour'" published obser-

vations on paralj^tic affections of the cervical sympathetic with

incomplete closure of the palpebral cleft. I shall relate and illustrate

in this paper a case of hemiplegia associated with sjanptoms of irri-

tation of the cervical sympathetic on the same side. The central

connections of the cervical sympathetic system, by which these symj)-

toms are caused, are supposed to be in the optic thalamus. Ac-
cording to Landois and Stirling, stimulation of the cervical sym-
pathetic in man causes dilatation of the pupil, pallor of the face,

occasional hyperidrosis, disturbance of vision for near objects, and
protrusion of the eyeball with widening of the palpebral fissure.

Paralysis or section of this nerve, on the other hand, causes flushing

of the blood-vessels on the side of the head, with occasional anidrosis,

contraction of the pupil, retraction of the eyeball, and narrowing of

the palpebral cleft. These symptoms are said to have occasionally

accompanied unilateral atrophy of the face. In the thorax, irritation

of the sympathetic strands to the heart probably causes acceleration

of that organ.

My case is as follows

:

J. B , white, male, aged 45 years, a native of Switzerland,
was admitted into the Philadelphia Hospital with hemiplegia. He
had a history of syphilis. More than ten years before admission
he had had a paralytic stroke, which was followed in a few months
by a second. In each attack he lost consciousness. He never entirely
recovered from the second stroke, and on admission was dull and
melancholy. He was found to have a right-sided hemiplegia, with
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contractures of the arm and, to a less degree, of the leg. The knee

jerk was exaggerated on the right side. The patient was able to

walk. Sensation was preserved. The right pupil was dilated, and
the palpebral fissure was widened. His most striking symptom was
the continuous sweating of the right side of the face and forehead.

This sweating was limited by the median line on the forehead, face,

and neck, and was closely confined to the distribution of the fifth

There was not an active flushing of the face and ear, althoughnerve.

Fig. 48. —Unilateral Facial Hyperidrosis (right side) with Widening of the Palpebral Fissure and

Dilatation of the Pupil, caused by Irritation of the Sympathetic Nerves. (Philadelphia

Hospital.)

the complexion was darker on the affected side. The perspiration

stood in large beads on the affected area, and api)arently was not

influenced by changes in temperature. Thus in winter, when the

examination was made, the sweating was continuous and free. It

can be discerned even in the photograph. The cranial nerves were
not involved. The seventh nerve on the affected side was not i)ar-

alyzed, and the muscles supplied by it responded perfectly to the



DISEASES OF THE SYMPATHETIC NERVOUS SYSTEM. 459

faradic current. Hearing was not acute, but it was alike on botli

sides. On the face, neck, trunk, arm, and leg the man distinguished
accurately between heat and cold, though he winced more to heat on
the unparalyzed side. The tactile and pain sensations were also ap-
parently perceived better on the unaffected side. The examination of

the eyes revealed no significant changes in the eye-grounds. The
right palpebral fissure was distinctly wider than the left, the eye pos-
sibly protruded slightly (though this was doubtful), and the right

pupil was at least 1 mm. larger than the left. The movements of the
eyeball were good in all directions.

It thus appears that in this man the three prominent symptoms,

next to his hemiplegia, were unilateral hyperidrosis of the face, dila-

tation of the pupil, and widening of the palpebral cleft. The patient

had a history also of having had a few fits after the paralytic strokes

;

and about one year after his admission he went insane and was

removed to the asylum.

In the abdomen, lead poisoning is supposed by some to cause

irritation in the area of the splanchnic nerve, the symptoms of which

are the well-known lead colic and inhibition of the action of the intes-

tines, but this subject is still obscure.

Mills'" reports a case of left-sided paresis, with excessive per-

spiration on the same side, which developed about the same time

as the paresis. The secretion of the sweat glands on the right side

was normal. There was also increased lacrymation on the left side

and slight paresis of the muscles supplied by the seventh nerve. Oc-

casionally the left side of the face reddened very much, and re-

mained so for some time.

Apolant"' reports a case of right-sided hyperidrosis of the face,

limited closely to the middle line. The redness of the face was equal

on the two sides ; the pupils were alsO equal.

Guttmann"" reports the case of a patient with moderate left-sided

exophthalmus, dilatation of left pupil, enlargement of the palpebral

fissure, visible perspiration only on the left side of the face and neck

and limited closely by the middle line of the face, and moderate red-

ness of the left side of the face. The left ear was especially red.

This redness was present only during the perspiration. The muscles

supplied by the seventh nerve were not affected, and tactile sensation

was normal. The temperature of the left side of the face was increased

during the abnormal persi)iration. The left pupil changed in degree

of dilatation under observation within a few minutes, but the change

was never excessive. There was no sign of compression of the sym-

pathetic nerves. The vasomotor signs were not always present; the

oculopupillary signs were constant.

Exophthalmus is produced experimentally by irritation of the
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cervical sympathetic nerves, causing contraction of Miiller's fibres

which are innervated bj- the sympathetic.

Guttmann regards his case as due to stimulation of the oculopupil-

lary fibres and paralysis of the vasomotor, and does not think it im-

probable that these two conditions may exist even in lesions of the

peripheral cervical sympathetic.

Pokroffsky*"" reports a case of unilateral hyperidrosis and redness

of the face after eating.

Gustav Eielil "' reports a case of recurring headache, with red-

ness, sensation of heat, and profuse perspiration on the left side of the

head, and dilatation of the pupil on the affected side. The autopsy

showed round-cell infiltration and small hemorrhages in the superior

cervical ganglion on the affected side. E-iehl says that in by far the

greater number of cases of hyperidrosis dilatation of the vessels and
mj'osis were observed. There are cases recorded of sympathetic pa-

ralysis with myosis, vascular dilatation, and auidrosis, as was the

condition in the case of Mobius.

Riehl also says that the indications of inflammation of the supe-

rior cervical ganglion in his case may show that paralysis of the

vasomotor fibres and irritation of the oculopupillarj^ fibres occurred.

This is also the explanation given by Guttmann.

Eulenburg and Guttmann believe the oculopupillary fibres of the

sympathetic are more peripherally situated, and are therefore more

exposed to external pressure than are the presumablj^ more centrally

located vasomotor fibres. This view, however, is fanciful and un-

satisfactory^ in the extreme. It is customary to regard the hj'peri-

drosis as a consequence of vascular paralysis. Positive observations

of sympathetic paralysis exist, in which there was myosis Avith

reddening of the side of the face without visible perspiration,

and other observations iu which perspiration Avithout redness was

present.

Profuse sweating has been caused by irritation of the cervical

symj^athetic in animals. " The hyperasmia and dilatation of the ves-

sels, lasting a short time, in hyperidrosis uuilateralis may just as

well be explained by irritation of the vasodilators as by paralysis of

the vasoconstrictors. As in our case, a decided symptom of irrita-

tion— mydriasis— was associated with hyperidrosis and vascular

dilatation, the explanation of all these symptoms as the result of

irritation of the fil)res in the sym])athetic is reasonable" (Riehl).

J. Friedltinder"" says that this condition (hy])eridrosis uuilatera-

lis), to which attention has only recently been paid, occurs either as

part of a symptom-complex, sometimes only temporarj^, or as an inde-

pendent, or at least predominating, i:)henomenon in persons otherwise
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healtliy and normal. The following cases, according to him, belong

in the first category'. Nitzelnadel (1867), by whom the first observa-

tion of this anomah^ was made, reported the case of a patient, aged

foi-tj -seven, with Graves' disease, in whom the left side of the face

alone was found to perspire freely. Nitzelnadel observed also sud-

den and profuse sweating, especially on the left side of the face, in a

case of diabetes mellitus. Kiilz reported a case of diabetes in which

the hyperidrosis was left-sided. Mickle reported two cases of gen-

eral paralj'sis, in one of which exclusively right-sided excessive per-

spiration of the face lasted for years; in another hyperidrosis was

due to paralysis of one side of the face, and lasted only a few Aveeks,

Meschede reported a case of temi)orary dementia with unilateral sweat-

ing of the face. Wiedemeister reported a case of mental disease, in

which the hyperidrosis began below the left eyelid, extended to the

left cheek, forehead, and left side of the scalp, sometimes crossing

the middle line. The sweating was increased by lively conversation.

Morselli reported a case of a woman with glioma in the anterior part

of the left hemisphere, in whom during life the right side of the face

was very red and covered with j)erspiration ; the left side was very

pale.

According to Friedlander, this excessive perspiration maj^ occur

in hemii)legia. Ringer, and J. S. Bury observed two cases of hemi-

plegia which showed constant profuse perspiration on the affected

side. Messedaglia and Lombroso likewise observed hyperidrosis

paralytica sinistra in a hemiplegic young man who had formerly

been epileptic; and Chevalier, from similar observations, speaks of
"
hSmiplegies sudorales."

Tabes with hyperidrosis unilateralis is mentioned in the literature

:

Nitzelnadel reported a case of tabes, in which the perspiration pre-

dominated on the left side, and was especially profuse on this side of

the face, while the right side remained dry. Eemak also reports a

case of tabes with excessive perspiration after eating sour food.

Cases of unilateral anidrosis are reported by Brunuer, Seguin,

and others. Berger reports left-sided hyperidrosis of the face, head,

and neck, not extending beyond the middle line, after slight exertion,

in a person otherwise normal. Unilateral hyperidrosis in healthy

persons has also been reported by Pokroffsky, Dow, Apolant, Gutt-

mann, Keyes, and others.

Friedlander reports a case in which, in a healthy woman, hy-

peridrosis of the right side of the face, with redness and increase of

temperature of the same side, and right-sided mydriasis, developed

suddenly without apparent cause. He states that the coinci-

dence of three so imi^ortant symptoms makes it imi^robable that
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tliis was a mere cliance occurreuce, and it is probable that these

symptoms liad a common source.

"We designate (with Henle)," be says, "as nervus sympatbicus

cervicalis tbe upper portion of tbe sympathetic cord, as far as below

the inferior cervical ganglion, with its rami communicantes passing

to the spinal cord. ... We know that they (the central fibres) pass

by means of the rami communicantes with the anterior and posterior

spinal roots into the cord, that they ascend in the cord, and then,

probably at first uncrossed, enter into combination with the vasomotor

and oculopupillary centres in the medulla oblongata. From these

centres (according to Budge) a group of sympathetic fibres, consist-

ing of vasomotor fibres, after having passed through the cerebral

peduncle—their peripheral course cannot be traced further—supply

the vessels of the external ear, the side of the head and face (Claude

Bernard), the cerebral membranes, possibly also the substance of the

cerebral hemispheres (Donders and Callenfels). It is not known

whether they supply only vasoconstrictors or also vasodilators, or

whether they are crossed or uncrossed. The other group (oculo-

pupillary tract), which probably does not have a common course with

the vasomotor fibres, arises in the spinal cord, from which these

fibres enter the sympathetic cord by means of the two lower cervical

and two upper dorsal roots (Budge), and pass then—their further

course is not known—into the cranial cavity, and probably to the

dilator pupillse, by means of the first branch of the fifth nerve.

" The sweat fibres—the knowledge of the anatomical localization of

which we owe to Nawrocki—leave the spinal cord and enter the

thoracic sympathetic cord, ascend through the ganglion stellatum to

the cervical i^ortiou, apparently in the same tract with the vascular

nerves (Landois), and associate themselves in the head with the

branches of the fifth nerve."

This explanation by Friedlander of the course of the sympathetic

fibres upwards through the cerebral peduncle, to supply the vessels of

the external ear, is very obscure. How do these fibres reach the

external ear after passing upwards through the cerebral peduncle?

It may be considered certain, says this author, that the sympathetic

nerves control the perspiration, the amoimt of blood in the vessels,

and the width of the pupil. This statement, furthermore, is confirmed

by the experiments of Wagner, Miiller, and G. Fischer on the heads

of those just executed.

In speaking of his case, Friedlander says there were present

hyperidrosis, mydriasis, but also—and therein is the incongruity of

the symptoms—vascular dilatation, two symptoms of irritation, and

one of i)aralysis of sympathetic fibres.
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If it may be thought that the vasomotor fibres have a different

course from the others, which is probably not true of the sweat fibres,

it is possible to believe that irritation may affect one of these groups

of fibres, or that one group may be paralj^zed; but the theory that

simultaneously a paralysis at one place and irritation at another

should exist (when there is no anatomical basis for either set of

fibres), is hardly to be accepted.

He offers the following possible solution of the question : The

secretion of saliva is independent of the circulation of the blood, and

is under the influence of specific secretory nerves ; nevertheless, irrita-

tion of these nerves (the facial nerve for the submaxillary gland) is

observed to cause a considerable enlargement and hyperaemia of the

vessels of the glands. One is therefore forced to assume that in the

seventh nerve, vasodilator fibres, in addition to secretory fibres, exist

and are irritated with the others. We may have, therefore, a unilateral

hyperidrosis as the result of the irritation of specific sweat fibres in

the sympathetic nerves. We know that the sweat secretion is entirely

independent of the vascular condition. When we see all the signs of

marked local hypersemia with hyperidrosis, we must conclude that

the cause of this vascular overfilling is due to sympathetic irritation,

i.e., we must assume that vasodilators are associated with vasocon-

strictors in the sympathetic. Truly the assumption of vasodilators

in the sympathetic is somewhat venturesome, as they do not rest on

a physiological and anatomical basis in man, although they have once

been demonstrated in the dog.

Friedlander says that Seguin found the ganglion cells of the sym-

pathetic on both sides filled with much j)igment, which is a negative

result, that Morselli found on the side of the hyperidrosis a marked

sclerosis and fatty degeneration of the cervical sympathetic, that

Frankel regards the cause as abnormal enlargement of the perivascular

spaces in the sympathetic ganglia, and that on this idea of Frankel

Ebstein builds a very complicated explanation. The whole subject

is obscure and no definite pathology is known.

Morrow'" had a case of unilateral hyperidrosis which disappeared

spontaneously. In another case the hyperidrosis was attributed by

the patient to a blow received on the bridge of the nose, causing a

deflected septum. A portion of the deflected septum was removed,

and the operation resulted in a diminution of his catarrh and a de-

crease of his perspiration.

F. Windscheid "" reports a case of unilateral hyperidrosis of the

right side of the face which extended somewhat below the lower jaw

to the neck and upwards to the line of the hair. The skin of the

right side of the face was warmer than on the left side, mydriasis of
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the riglit eye was present, and tlie seventh nerve was normaL There

was severe headache on the right side of the forehead and loss of hair

all over the head. No painful points over the fifth nerve were found.

He states that Adamkiewicz has demonstrated that there is a phys-

iological connection between perspiration and the seventh nerve, and

he reports several cases of hyperidrosis with disease of this nerve.

Until 1890 Windscheid was able to find only one careful study of

hyperidrosis of the face; this was by P. Raymond. ''" Raymond
makes the following classification: (1) Hyperidrosis faciei in conse-

quence of disease of the central nervous system
; (2) hyperidrosis faciei

in consequence of disease of the cer^dcal sj'mpathetic ; (3) hyperidrosis

faciei in consequence of disease of the seventh and fifth nerves
; (4)

reflex hyperidrosis faciei due to irritation of other nerves (nerves of

taste or sensation), or due to psychical influence. Most cases belong

to the second class. He reports a case of right-sided hyperidrosis

with right-sided mydriasis, and also quotes a case reported hj Bichat,

in which hemiplegia was present with hyperidrosis of the face on the

paralyzed side.

Landois and Stirling' conclude that the vasomotor nerves are

distinct from the sweat-secretory nerves. This is shown by the fact

that excessive sweating may occur when the skin is pale, as in fear

and in the death agon3^ Special nerves control the secretion of sweat,

and their stimulation causes increased secretion—as has been shown

in the amputated leg of a kitten, after complete arrest of the circula-

tion. In the normal state, however, profuse perspiration is always

associated with dilatation of the blood-vessels. The secretory and

vasomotor nerves seem to lie in the same nerve trunk. Adamkiewicz

and Senator found that in a man suffering from abscess of the motor

region of the cortex cerebri for the arm, there were si)asms and per-

spiration in the arm. An example of vasodilator fibres is seen in

the nervi erigentes. These can be excited reflexly from the sensory

nerves of the penis. The psychical disturbance which accompanies

anger or shame is followed b^^ dilatation of the blood-vessels of the

head, owing to stimulation of the vasodilator fibres.

It is a question whether the slight redness of the face in my case

was due to paralysis of the vasoconstrictors or stimulation of the

vasodilators. The opinions given make it probable that at least in

some parts vasodilator fibres exist. Foster says that "when the

lingual is stimulated the blood-vessels of the tongue dilate."

Some statements have been made in regard to the presence of

sympathetic fibres within the brain.

Bechterew and Mislawski,''"" by irritation of the peripheral cut

end of the cervical sympathetic, caused dilatation of the pupil, prom-
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inence of the eyeballs, retraction of the third eyelid, and an evident

secretion of tears in the corresponding eye.

By irritation of the cortex of dogs about the sigmoid gyrus, and
likewise of the portion deep within the inner part of the thalamus, at

the anterior part of the gray commissure, they caused secretion of

tears, dilatation of the pupil, prominence of the eyeballs, and retrac-

tion of the third eyelid. .They conclude that the central tract of the

cervical symjjathetic is to be found in the thalamus, and ascends from
here to the cortex. No mention is made in these experiments of red-

ness of the face or of perspiration.

German authorities, as a rule, ascribe the drooping of the upper
eyelid in sympathetic paralysis to paralysis of Miiller's fibres in

the upi)er lid, which are innervated by the sympathetic.

Oppenheim says that he has once observed in a case of lesion in

the optic thalamus the symptoms of sympathetic irritation described

by Bechterew. He also says that when there are symptoms of

sympathetic paralysis there may be at the same time symptoms of

sympathetic irritation, but that this is very rare.

In view of the statements which have been made, let us consider

the case reported by me: The man has had two attacks of hemi-

plegia, which came late in life. He is paralyzed on the right side,

but he is not aphasic. Therefore I do not believe the lesion is corti-

cal. The lesion must be near the internal capsule. He has no hemi-

anopsia, which simply means that the optic fibres, which pass through

the jjulvinar at the extreme end of the thalamus, are not cut. He
has symptoms almost exclusively of symi^athetic irritation, for there

is no active flushing of the face. These have existed for some time.

There is no reason to think that they are due to disease of the pe-

ripheral portion of the sympathetic, and indeed it is hard to imagine

a lesion that could cause at the same time irritation and paralysis at

a point where the fibres are so closelj^ associated as they are in the

cervical sympathetic cord. Centrally the vascular portion seems to

be somewhat separated from the ocular portion (if we may consider

perspiration as well as redness vascular symptoms), as Bechterew

obtained no vascular symptoms in his experiments ; and we can there-

fore more easily imagine a lesion at a central portion of the tracts

that would cause irritation and x^aralysis. The problem is much sim-

plified, however, if we conclude, as seems justifiable, that the i)atient

has no symptoms of paralysis, i.e., flushing. Sympathetic symptoms

in cerebral lesions are recorded by some high authorities in neurol-

ogy. We know also that within the spinal cord the ocular centres are

higher than the vascular centres for the cervical branch of the sympa-

thetic cord. Forced laughter may be due to mental failure ; it may,
Vol. XL—30
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however, be due to a lesion near the thalamus. Bechterew'^" main-

tains that forced laughter is not uncommon in cerebral paralysis,

although seldom mentioned by neurologists. He believes the re-

flex arc for laughter is through the thalamus, and when the cortical

influence is cut off by destruction of the fibres from the cortex to the

thalamus, the restraining influence of the cortex is lost and the least

irritation, external or internal, may cause convulsive laughter. The
laughter in my case, however, could scarcely be called " forced" or

"convulsive," and does not require such an hypothesis to explain it

as the one suggested by Bechterew. It was simply an inane smile

or grin, and could be explained by the man's mental state. Absence,

of sensation in my case is of little significance.

In the case reported by Dejerine and Mirallie of hemiatrophy of

the face with unilateral syringomyelia, the ocular symptoms due to

a lesion of the symi)athetic were present, but the vascular symptoms
were absent.

Dastre concludes from this case that it was not simply the cervical

sympathetic itself that was affected. This system, according to him,

is composed of fibres that are diverse in their origins and functions.

Hence the symptoms differ according as the nerve trunk or the points

of origin are affected. If a lesion is limited to the spinal cord below

the level of the three upper dorsal nerves, it does not affect the circu-

lation of the face, or if this is affected, it is only temporarily so, due

to the fact that the face receives part of its sympathetic innervation

from the trigeminal nerve, i.e., from the bulb.

As the centres for these two sets of functions, ocular and vascular,

occupy such different parts in the cord, it seems to indicate that these

fibres of the two sets are somewhat disunited, and that paralysis of

one set with irritation of the other set is x^ossible in central lesions.

The question of the persistence of anaesthesia in cerebral lesions

is one of importance,

Oppenheim says that in tumors of the central ganglia, especially

in those of the optic thalamus, disturbance of sensation, pain, par-

esthesia, much more frequently hemihypersesthesia and hemianaes-

thesia, have been noticed. In most of the cases of Assagioli and Bon-

vecchiato, Pilz, Mills, Oppenheim, Dercum, Nothnagel, Masing, Kir-

ilzew, etc., hemihyperaesthesia or hemianaesthesia was demonstrated.

Just as gi'eat, perhaps even greater, is the number of cases of tumor
in the optic thalamus in which every anomaly of sensation was absent.

This circumstance makes it improbable that the disturbance of sensa-

tion is a direct focal symptom of new growth in the optic thalamus or

in the central ganglia.

Dejerine 's case has created great interest. He says that disor-
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ders of sensation in hemiplegia of cortical origin are in general transi-

tory, and the same is true of hemiansesthesia of capsular origin.

The symptoms in his case were hemiplegia of the left side, espe-

cially noticed in the superior extremity, and almost a monoplegia,

with abolition in this limb of all forms of sensation, including the

muscular sense ; slight diminution of sensation in the lower half of

the face, the left half of the trunk, and lower limb of the same side

;

integrity of the special senses, and persistence of the anaesthesia of

the upper limb, with loss of muscular sense during five and one-half

months until death. At the autopsy the lesions found consisted of

cortical softening of the right hemisphere; secondary degeneration

of the posterior segment of the internal capsule, of the cerebral pe-

duncle, pons, bulb, and cord. The fillet was intact.

Ballet during his lectures in Paris in the winter of 1895, showed

a case of hemiplegia in which the loss of sensation had existed for

considerably over a year.
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TROPHONEUROSES.

UNILATERAL AND LOCAL ATROPHIES AND
HYPERTROPHIES.

Hemifacial Atrophy.

Synonyms, Definition, and Literature.

The synonyms of hemifacial atrophy are unilateral atrophy of

the face, progressive facial hemiatrophy, neurotic or neural atrophy

of the face, facial trophoneurosis, progressive laminar aplasia, and
atrophy of the connective tissue of the face. Morphoea, which was
formerly classed by some authorities as a form of partial facial

hemiatrophy, is now usually regarded as a variety of circumscribed

scleroderma. Unilateral atrophy of the face is a neurotrophic dis-

order, characterized by gradual wasting of the skin, subcutaneous

tissue, and bones of one side of the face. The muscles are not usu-

ally implicated, but may be in rare instances. In 1886 the writer

collected about sixty cases of facial hemiatrophy from the literature

on the subject. Collins, in an extensive investigation of the literature

in 1895, found records of one hundred and twenty-six cases. The
disease was first described by Parry, in 1825. One of the most
valuable of early descriptions was that by Romberg, in 1846. A
number of cases have been recorded by American writers, especially

during the last ten or twelve years. Bannister, in 1876, presented a
complete survey of the subject up to that time.

Etiology.

Mobius has advocated the theory that the disease is due to exter-

nal local infection, believing that the infection may take place in the

vessels, mucous membranes, or skin. In connection with the subject

of infection it should be remembered that some of the reported cases

have occurred after syphilis, scarlet fever, measles, typhoid fever,

and other infectious diseases. Inheritance seems to play some part..

Seeligmiiller, for instance, has reported one case occurring in a child

nine years old, and another in the mother of this child. The affec-
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tion IS of more frequent occurrence in females than in males, in tlie

proportion probably of two to one. It most frequently originates in

childhood and youth, rarely developing after the prime of life, al-

though cases have been recorded occurring at various ages before

fifty. Out of twenty-five cases analyzed by the writer, only one was

over the age of thirty years, and three-fourths of these cases began

before the age of twenty. Exposure to cold, inflammation of the sub-

maxillary gland, and abscess of the ear have been followed by facial

hemiatrophy; and among exciting causes, falls or blows upon the

face are generally given important places. Among the diseases in

the course of which hemiatrophy of the face has been observed are

hysteria, epilepsy, insanity, multiple sclerosis, syringomyelia, mul-

tiple exostoses of the head and face, localized and diffused sclero-

derma in other parts of the body, and pityriasis rubra (Collins).

Symptoms.

The disease is insidious in origin and slow of development, the

appearances first noted being usually certain changes in the skin. A
white or whitish spot is seen on the cheek, and other similar patches

appear from time to time, these gradually changing to a darker yel-

lowish or brown color, the first appearing being the first to show
such alterations of color. Sometimes the change in color involves

the entire half of the face, or may in some positions extend a short

distance beyond the median line. The face may even assume a mot-

tled appearance, as in one of the early cases reported by Romberg, in

which a yellowish-gray discoloration began at the median line and

extended across the lower half of the face to the angle of the lower

jaw. Patches of discolorations were also present in the upper half

of the face. These changes in color in circumscribed or diffused

areas are due to or coincident with advancing atrophy of the skin.

In the course of time, but usually not until after the lapse of years,

the atrophy attains its maximum, and then the api^earances remain

much the same during the life of the patient. In rare instances atro-

phic spots, similar to those observed in the face or to the generalized

atrophy of the face, are seen in other parts of the body. The atrophy

of the face is in still rarer cases bilateral.

According to Mobius hemifacial atrophy sometimes advances with

all the characteristics of simple atrophy of the skin, namely, an

advancement with an infiltration of the marginal wall clearing behind

the atrophied skin.

The hair may be thinned or changed in color on the affected side,

this being shown particularly in the beard, eyebrows, and hair bor-
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dering the forehead and temple. Complete absence of the hair of the

eyelid from the inner canthus to the middle of the lid has been ob-

served (Eomberg),

The bones of the jaw, and especially the upper jaw, may atrophy,

and even the teeth seem sometimes to undergo atrophic changes and
fall out of their sockets. Atrophy of the tongue or gums may be

present.

Anidrosis, or absence of perspiration, is a common symi)tom, and

the attention of the patient or his friends is first called to the disease

Fig. 48.—Case of Hemifacial Atrophy ia which the Lesiou is liuiited to the Forehead and Upper
and Lateral Parts of the Nose. (Lloyd.

)

by the fact that the patient perspires on one side of the face only, or

naturally on one side only, and but very little on the other. The
perspiration is usually normal in other parts of the body. Diminu-

tion of lacrj^mal secretion and unilateral exophthalmos have been

observed.

Differences in local temperature on both sides of the face have

been noted by some, but have not been found by others. Bannister,

for example, observed a difference of six-tenths of a degree in favor

of the ear of the unatrophied side, while others have failed to dis-

cover any differences in local temperature.

Fig. 48 represents a case of hemifacial atrophy described by Lloyd,

in which the disease began as a white patch near the bridge of the

Vol. XI.—31
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nose several years before the case came under observation. This

patch gradually spread until it involved the forehead and hairy scalp.

The true skin was almost destroyed, fat and connective tissue disap-

peared, and the bone was deeply atrophied strictly on one side.

In two cases recorded by Bannister taste was involved; in one

ageusia was present on the anterior half of the tongue on the affected

side, in the other on the posterior third of the tongue. In the case

in which taste was impaired only over the posterior third of the

tongue, and the symjjtoms were those of a typical unilateral facial

atrophy, the simplest explanation would be that of a coincident in-

volvement of the glossopharyngeal and trigeminal nuclei or root

fibres. As Bannister has suggested, the accompanying sj^mptoms

(w^hich were headache, mental confusion, and impaired cardiac action)

indicated a widespread intracranial lesion, involving the trigeminal,

auditory, and glossopharyngeal nerves, including the facial and pars

intermedia of Wrisberg. The latter we regard as the central portion

of the chorda tympani. In the majority of reported cases taste has

not been affected.

Impairment of hearing, usually slight, has been recorded. In

one of my cases careful examination showed atrophy of the mem-
branes of the tympanum.

Ophthalmoscopic appearances with the exception of slight cup-

ping and haziness of the disc have been negative.

Trigeminal neuralgia is a not infrequent accompaniment or com-

plication of hemifacial atrophy. In some reported cases the patients

have suffered especially from frontotemporal neuralgia, or neuralgia

in some other i^ortion of the distribution of the trigeminus. Hyper-

sesthesia in special areas of the face and scalp has also been observed.

The neuralgic attacks are usually paroxysmal, but may frequently

recur or in rare cases be very persistent. The neuralgia may or may
not be accompanied l)y twitchings of the facial muscles. Various

paraesthesise may be present, the patient sometimes comj^laining of

numbness, tingling, or l)urning sensations. Slight tactile anaesthesia

has also been noted, l)ut marked anaesthesia of any variety is uncom-
mon.

Hemiplegia is sometimes an accompaniment of hemifacial atro-

phy, as it may be of atrophy of the tongue or of any other symptom
or set of symptoms referable to the cranial nerves. Sometimes the

hemiplegia precedes the atrophy, at others it develops at much the

same time.

In a case recorded by Diller the patient had suffered from what
the reporter describes as attacks of Jacksonian sensory epilepsy,

although, as mentioned by Lloyd in the discussion of this case be-
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fore the Philadelphia Neurological Society, the diagnosis of epilepsy

might be regarded as doubtful, the symptoms being somewhat like

those present in some forms of hysteroepilepsy. The relationship

between these attacks and the partial facial atrophy was not easy

to trace. Besides the sensory attacks just described this patient

had at least one severe motor jjaroxysm with apojjlectic accompani-

ments, and subsequently suffered at times with dizziness. It is pos-

sible that a meningeal growth may have been present, so situated

as to cause cortical irritation and at the same time exercise a direct

influence upon one of the branches of the fifth nerve.

Twitchings of the muscles supplied by the motor distribution of

the fifth may be present ; irregular contractions of one of the mastica-

tory muscles on one side have been observed (Axmann and Hueter).

Marked changes of the musculature of the face are not present in

hemifacial atrophy, at least the muscles supplied by the seventh

nerve are not usually involved. Some atrophy of the muscles sup-

plied by the motor branches of the fifth nerve, namely, the masseter,

temporal, and pterygoid, has been noted.

In a few reported instances unilateral facial atrophy has been

found in association with insanity, and especially in cases which have

shown the somatic signs of degeneration. These are to be placed in

the same class, in most cases at least, with the cases of arrested and
aberrant development of congenital origin. Mendel and others have

reported such cases.

In rare instances of true atrophy of the same type as hemifacial

atrophy, the atrophic process is confined to one-half or to a certain

portion of the face. Such semilatercd atrophy of theface has been de-

scribed by Blumenau—a case in which the atrophy was distinctly

confined to the lower half of the face. Besides the lip, cheek, and
nostril, the atrophy also extended to the half of the tongue of the

affected side, to the soft palate, and to the maxillary bone. The
affected half of the lip was completely hairless, the mustache growing
naturally on the opposite side. The frontal region of the face was
not affected. At the time of examination the patient was fifty years

old. The atrophy began when he was sixteen, the first notable fea-

ture being a whitish spot upon the upper lip. The atrophic process

reached its maximum five years from the onset, and had therefore

remained stationary for nearly thirty years. Sensibilitj^, the elec-

trical reactions, and local temperature were normal on both sides.

In 1885 Weir Mitchell reported a case of absence of adipose matter

in the upper half of the body, both sides of the patient's face

presenting a striking similarity to the affected side in cases of uni-

lateral or local atrophy of the face.
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Morbid Anatomy and PATHOLoaY,

Autopsies have been recorded in only two cases: one of these

by Homen, in which a dural tumor compressed the Gasserian gan-

glion and the branches of the fifth nerve—anaesthesia of the region

affected, and paralysis of the oculomotor nerve being present; an-

other case by Mendel, in which examination revealed proliferative

neuritis of the left trigeminal nerve, most marked in its second

branch. Central atrophy of the spinal root of the fifth and partial

atrophy of the substantia ferruginea were discovered. This case is

of unusual value, both because of the care with which the autopsy

and microscopical examinations were made, and also because the

patient had been frequently studied during life. The case was a

typical one, had long before the patient's death been recorded in neu-

rological literature, and the patient^ had ajjpeared at different clinics

in Germany for a period of twenty-five years. The facial atrophy

in this case was associated with atrophy of the left upper extremity,

and the autopsy and microscopical examination showed that the left

musculospiral nerve had undergone changes similar to those found

in the Gasserian ganglion and the fifth nerve.

It is generally held that hemifacial atrophy is a trophoneurosis

dependent upon lesion, probably irritative in character, of some por-

tion of the fifth nerve. It is generally considered that the trophic

fibres of the fifth nerve are contained in the posterior root, and there-

fore the disease presumably is an affection of this portion of the tri-

geminus. The autopsies in the cases of Mendel and Homen support

this view, which is also upheld by other facts. Section of the pos-

terior root of the trigeminus has been followed not only by unilateral

atrophy of the muscles of the face, but also by atrophy of the mus-

cles of mastication, and even by atrophy of the tongue and of the

bones of the face, and hj thinning and color changes in the hair.

Such associated symptoms as trigeminal neuralgia jioint to the fifth

nerve as the probable source of the disease. The trigeminal origin

of the disease cannot, however, be regarded fully as established.

Operations on the Gasserian ganglion have lent only partial sup-

port to this theory. According to Krause, after Gasserian oper-

ations, trophic diseases of the skin did not as a rule follow, the

majority of cases not showing the slightest dermal change of a vaso-

motor or trophic character even after several years. The skin of the

cheek on the operated side was a trifle smoother and a little more

stretched in one of his cases three and one-half years after an opera-

tion on the second branch of the fifth. In another case, on the
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operated side, the skin felt a little thicker and harder than on the

opposite side. Krause, however, says that he believes these slight

trophic changes may be explained on the ground that they were
caused by a slight pinching of the anaesthetic mucous membrane
during chewing. In the second patient referred to even the eyebrows
were thinner on the operated side, but he thought this might be ex-

plained by the scar of a former operation on the supraorbital nerve.

He also says that heri)es did not occur, and he was unable to note

any change in the secretion of sweat on the operated side.

Krause contrasts these results—this general absence of trophic

affections after Gasserian and pre-Gasserian operations—with the

reported conditions in cases of paralysis of the trigeminus. As is

well known, many records show the presence of such conditions as

herpetic changes of the skin of the face, neuroparalytic keratitis,

the formation of scar tissue in the skin of the cheek and the mucous
membrane of the nose. He argues, therefore, that the mere loss of

nerve influence cannot be sufficient to cause such disturbances, but

that other factors, esj)ecially neuritis, must enter. Not one of his

cases at any period after his operations showed any appearance of

facial hemiatrophy. Physiological experiment has shown that sec-

tion of the trigeminus in animals causes wasting of the operated side

of the face.

William Aldren Turner, as the result of experimental sections of

the trigeminal nerve, arrived at the conclusion that the Gasserian

ganglion does not exercise any trophic influence on the cornea, and
if septic organisms are excluded, the ophthalmic branch of the fifth

may be safely divided or the Gasserian ganglion removed without

fear of corneal lesions. According to him, so-called paralytic phe-

nomena associated with lesion of the trigeminus are evidences of

irritation and not of paralysis. Facts of this kind are corroborated

by the view that the influence exercised by the fifth is not trophic,

and it would seem to follow that while lesions of the trigeminus or

of its nuclei or root fibres may play a part in the production of facial

hemiatrophy, when they do this the lesions are irritative in character.

Some of the older observers attributed hemifacial atrophy to dis-

orders of the cervical sympathetic, and some support to this view has
been given by a case recorded by Seeligmiiller, in which a tumor
pressing upon the cervical sympathetic led, among other symptoms,
to facial hemiatrophy.

The question arises whether hemifacial atrophy is not sometimes
of cortical origin. Certainly the usual type of this affection, the

form which has been described in the previous pages, does not orig-

inate from cortical lesion, but it is well to bear in mind the fact that
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in recent years true atroplij^ lias been found associated with hemi-

plegia.

Spiller found one case of unilateral arrest of facial development

in tliirty-tliree cases of infantile hemiplegia, studied by him at the

Pennsylvania Training School for Feeble-Minded Children. This

case was one of left hemiplegia with paralysis of the muscles inner-

vated by the lower branch of the seventh nerve. According to Fere

the face usually participates in the hemiatrophy of infantile hemi-

plegia, but Spiller regards this as a somewhat surprising statement,

he having found only one case of arrested development in which the

face was involved. I have seen several cases of facial arrest in infan-

tile hemiplegics, and there is now one such case in the wards for

nervous diseases of the Philadelphia Hospital. Some atrophy of the

face is sometimes seen in cases of adult hemiplegia, as I have learned

from my own investigations on hemiplegias, moderate or slight atro-

phy being not infrequently present in the limbs as well as in the

muscles of the face. The distal portions of the limbs are particularly

likely to suffer, the small muscles of the hands and fingers showing

decided wasting, and the same is true of the muscles of the feet and
lower portion of the leg. Savill has suggested that cortical trophic

centres may be situated in the limbic lobe, basing this suggestion

upon one or two clinicopathological observations. In rare cases

partial hemifacial atrophy might be attributed to cerebral and even

to cortical lesions, but such cases could be readily distinguished

from those of the usual type.

Dlignosis.

The diagnosis is to be made by a careful study of the time and
method of onset, history, and present condition of the patient. The
disease most frequently begins in youth. The circumscribed thin-

ning of the skin and areas of discoloration should be specially borne

in mind. Careful study will show that the atrophy affects the skin

and subcutaneous tissues, and possibly the bones, gums, and other

structures which have been enumerated, but not the muscles; or if

the musculature is at all affected, it will be so only to a limited extent,

and the atrophy is usually confined to the muscles supplied by the

motor distribution of the fifth nerve.

According to Mobius it is almost impossible at times to distin-

guish between hemifacial atrophy and scleroderma, which doubtless

have close pathogenetic relations. In hemiatrophy of the face all the

tissues are affected primarily, while in circumscribed scleroderma the

atrophy of the deei)est tissues is secondary to pressure. In morphcea,



HEMIFACIAL ATROPHY. 487

wbicJb is closely related to hemifacial atrophy, the bones are not

affected.

Congenital asymmetry of the face is commonly met with in asso-

ciation with aberrant or arrested development of other portions of the

body, and cases of this kind are seen in institutions for the idiotic

and feeble-minded. In these, face, trunk, and limbs are frequently

atrophied together. The association of other somatic and of psychi-

cal evidences of arrested development or degeneracy will render clear

the diagnosis of these cases from ordinary hemiatrophy. Atrophy

of one-half of the cranial vault may be present, and this is most likely

to be associated with atrophy of the face, trunk, and limbs of the

opposite side.

In very rare cases, in individuals otherwise normal, one side of

the face is considerably smaller than the other. These cases some-

times occur in persons of average intelligence and mental develop-

ment, but in them the special signs of unilateral atrophy will be

absent.

A case of hemifacial atrophy may for a time through carelessness

be regarded as facial paralysis. In the former the muscles supplied

by the seventh nerve are not invaded ; willed movements of all kinds

can be readily performed ; the muscles respond promptly to the elec-

trical current; while in peripheral facial paralysis the opposite is

true. It would be only in extremely rare cases, in which some
atrophy of the face is present in association with hemiplegia, that

the diagnosis could remain even for a brief time in doubt. No one

who fully comprehends the diagnostic features of that very common
disease, Bell's palsy, could long be mistaken in his study of a case of

facial hemiatrophy.

In a special type of progressive muscular atrophy the muscles of

the face are first implicated. In progressive muscular atrophy the

appearances of the skin shown in cases of facial hemiatrophy are not

present, and the subcutaneous tissues and bones and the other struc-

tures affected in facial atrophy are not involved. As a rule in facial

hemiatrophy the atrophic processes spread over very nearly the entire

half of the face, although, as has been indicated, we occasionally have

cases of semilateral atrophy, but even these cases show a certain reg-

ularity in the distribution of the atrophy and a tendency to follow

the course of subdivisions of the fifth nerve. The order and method

of progress of a case of progressive muscular atrophy are very different

from those of facial hemiatrophy.

A glance at a patient suffering from hemihypertrophy may at first

sight lead to the opinion that the face of the unaffected side is atro-

phied, but careful scrutiny will, of course, soon correct this error.
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Prognosis.

No case of recovery from lieuiifacial atropliy is ou record. Tlie

disease does not, liowever, progress all tlirougli life, tlie atrophy as a

rule reaching its full development in a few years. The case studied

by Virchow and Mendel, and on which an autopsy was made by Men-

del, lived for from thirty to thirty-five years after the inception of the

disease.

Treatment.

In the cases so far reported no treatment has proved of any per-

manent value. Mobius has suggested as prophylactic treatment

that surgical interference over the infected area might be of benefit.

Sachs has recommended thyroid feeding, which, so far as I know,

has not been given a thorough trial. The application of galvanism

to the affected tissue seems sometimes temporarily to stay the prog-

ress of the affection. Dercum has suggested early resection of the

branches of the trifacial, believing that this treatment would do good

on the assumption that the disease is due to perversion of the trojDhic

nerve stimulus, but no results have been recorded as following surgi-

cal measures of this kind. Massage may be tried in the early stages,

but it should not be too vigorous, and care should be taken not to

cause excoriation of the skin by the treatment. This rasij result be-

cause of the lowered resistance of the atrophied parts. Measures

designed to improve the general health of the patient should be em-

ployed, as in most atrophic diseases this tends at times to be affected.

As some disfiguration of the face results from the wasting, a light

rubber plate or pad can be introduced into the mouth and attached to

the patient's upi)er teeth, this being made of such size and contour

as to fill out the cheek and give it a more nearly normal appearance

(Sachs).

Hemilingual Atropliy.

Hemilingual atrophy or hemiatrophy of the tongue is a wasting

confined to one-half of the tongue. As an isolated affection it is very

rare. It is usually observed in connection with chronic degenerative

diseases. Dr. C. W. Burr has recently reported an interesting case

of hemiatroph}'- of the tongue, and has reviewed the literature of the

subject.

Etiology.

The disease occurs most frequently between adolescence and old

age, although it may appear at any period of life. Syphilis may be

ranked among the most frecpeut predisposing causes, and other forms
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of infection may play a part. It lias also been attributed to tlie ef-

fects of lead and other toxic agents. The general etiology of lin-

gual hemiatrophy is indeed i)ractically the same as that of hemifacial

atrophy, with the exception that the former more frequently develops

during mature life. T\^ien an isolated affection, it is, according to

Hirt, usually due to traumatism, disease of the vertebral artery, new
growths in the oblongata, or embolic softening in the region of the

hypoglossal nucleus.

Pathology and Morbid Anatomy.

When hemilingual atrophy is an isolated affection the lesion is

most probably situated in the nerve trunk, although this does not

Fig. 49.—Hemilingual Atropliy in a Case of Syringomyelia.

necessarily follow. Degeneration in rare cases attacks onh* the hypo-

glossal nucleus, and it is conceivable that a small macroscopic focal

lesion may be limited to the nucleus or root fibres of this nerve. A
small tumor or a localized meningitis may be so situated as to involve

the hypoglossal, spinal accessory, and pneumogastric nerves as they
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pass from tlie brain stem in close proximity to each other, or the

glossopharyngeal and other adjacent nerves may be implicated. It

is nevertheless true that the e\idences are in favor of the lesion being

Fig. 50.—HeiiiiliiiKual Atrophy in a Case of Degeneration of Various Cervical and Btilbai- Nuclei.

situated within the oblongata when various other nerve distributions

are affected conjointly with the hyi)oglossal.

The lesions that may be found in hemiatrophy of the tongue, as

enumerated by Burr, are chronic nuclear degeneration, esjDecially in

association with disease of the s])inal core]; cysts and softening the

result of hemorrhage, embolism, or thrombosis; a tumor arising
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within the postoblongata, and confined to one side ; an exostosis or a

tumor growing from the membranes of the i;ons; hydatids, caries or

meningitis, or direct injury from wounds. It is frequently associated

with tabes, and may occur in the spinal type of general paralysis, in

syringomyelia, and in disseminated sclerosis, and may be a part of

the syndrome of bulbar paralysis. In Figs. 49 and 50, two examples

of lingual hemiatrophy are shown, the first in a case of syringomye-

lia, and the second in the case of a man who presented symptoms
indicating degeneration of various cervical and bulbar nuclei. When
associated with the chronic degenerative diseases, the lesion is prob-

ably primarily one affecting the ganglion cells of the nucleus of origin

of the nerve. In not a few cases it is probable that an acute ax)oplec-

tiform attack due to embolism, thrombosis, or hemorrhage is the

starting-i)oint of the affection.

Symptoms.

In hemilingual atrophy one side of the tongue appears consider-

ably smaller than the other, the amount of diminution depending of

course upon the extent and stage of the disease. The tongue has a

tendency to go to one side on protrusion, the side to which it turns

being that affected by atrophy, because of the action of the muscles

of the opposite side, this action being of a pushing and protruding

character. Fibrillary twitchings are sometimes, but not invariably,

present in the atrophied muscles ; similar contractions may be pres-

ent upon the unaffected side. Speech, swallowing, and mastication

may be affected through implication of either the nerves or the

muscles.

Bilateral atrophy of the tongue is occasionally observed, iDarticu-

larly in connection with progressive muscular atrophy and i)rogres-

sive bulbar paralysis, and more rarely in tabes.

In a case seen by Dr. Hugh and the writer, the patient, a woman
twenty-two years old, was first seized with a severe pain in the right

scapula. The attack of pain, which was pronounced to be rheu-

matic, lasted three weeks. She soon noticed that the scapula was
becoming prominent, and later began to suffer from weakness in her

right arm. Close examination showed atrophy of the rhomboid, the

supraspinatus, infraspinatus, and deltoid muscles on the right side,

and the same on the left, but to a less degree. The muscles of the

left half of the face were also distinctly atrophied, the mouth and

nose being somewhat drawn to the right. The general bulk of the

tongue was diminished, its right half being relatively much more

atroi^hied than the left. Voluntary movements of the tongue were
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weakened, and fibrillary tremors were present. Involvement of tlie

ocular muscles was evidently beginning to take place. In looking

both outwards and inwards the excursion of the left eye was incom-

plete ; and in looking upwards it had a tendency to wander outwards.

Some restriction of movement inward was also observable in the right

eye. It is probable that the impairment was of conjugate ocular

movement to the left. The pupils responded to light and accommo-

dation. Touch, pain, and thermal senses were all preserved. Parts

of the body other than those above alluded to did not seem to be in-

volved in the atrophy.

Diagnosis, Prognosis, and Treatment.

The diagnosis can, as a rule, be readily made by a careful exami-

nation of the organ. Hemiglossitis is one of the affections from

which it must be differentiated, but the symptoms of this disorder

are of an active character, and are readily recognized. The tongue,

like any other portion of the body, may be congenitally smaller upon

one side than the other, but this is infrequent, and would not be ac-

companied by the symptoms which indicate loss of power in the

tongue. Hemihypertrophy of the tongue is exceedingly rare, but its

presence might at first lead to the idea that the unaffected side of the

tongue was atrophied.

The diagnosis of the pathological nature of the affection and the

focal diagnosis are sometimes important. Fibrillary twitching is in

favor of nuclear disease, but is not absolutely pathognomonic, as

twitching has been recorded as present in perij)heral disease. The
well-known facts regarding secondary twitching and contractures as

late symptoms in uncured or partially cured cases of facial paralysis

due to i)eripheral neuritis, indicate that in some cases of lingual

atroi)hj', even though twitchings and contractures are jjresent, the

disease may have been of peripheral origin. Perhaps the distinc-

tion might be made in these cases from true fibrillary twitchings by

the larger and coarser character of those which are the secondary re-

sults of a peripheral neuritis.

The localization of the lesion causing the lingual hemiatrophy, as

well as the diagnosis of its nature, maj^ be largely assisted by a study

of the accompanying symptoms. When hemiplegia of the side of the

body o])])osite to the atrophied half of the tongue is present, the lesion

is probably gross, and of such size and character as to involve the py-

ramidal tracts before their decussation. Sensorj^ and other symptoms
are likely to be jiresent in such cases because of the involvement of

the important tracts and centres which are associated in this section
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of the neuraxis. When scattered but considerable portions of the

musculature of the body are affected conjointly with atroj)!]}^ of the

tongue, the lesion is probably one of the evidences of a disseminated

or diffused degeneration. Nuclear ophthalmoplegia of a more or less

complete type may be x>i"esent in such cases.

The prognosis is almost uniformly unfavorable.

The little treatment available is in the main the same as that used

for hemifacial atrophy. Electrical treatment has been recommended
in the peripheral forms of the disease.

Hemifacial Hypertrophy.

Unilateral hypertrophy of the face, or facial hemi-hypertrophy,

is a rare trophic disease, characterized by enlargement of the tissues

of one side of the face, in its most complete form involving skin,

subcutaneous tissue, bone, and other structures. The literature of

the subject is scanty, one of the most interesting cases being that of

Montgomery.

Etiology and Pathogenesis.

Most of the reported cases of facial hemihypertroi)hy have been

of congenital origin, and were associated with other aberrations of

development. In a case recorded by Dana, unilateral hypertrophy

of the face was one of the features of gigantism. In the case reported

by Montgomery the development of the affection was preceded by

abscess of the cheek, this coming on shortly before the first evidences

of hypertrophy. In acquired cases it seems to be pretty well estab-

lished that irritation of the fifth nerve, either at its origin or in its

course, may play some part. In several instances it has developed

during or after the course of inveterate trigeminal neuralgia. It is

not improbable that in some cases of facial hemihypertrophy irrita-

tive lesions implicating the substantia ferruginea and descending root

of the fifth nerve, or other peripheral or central portions of the tri-

geminal apparatus, may be the active pathological causes of the tissue

overgrowth. It has been suggested that the affection may be of vas-

cular origin, due to a chronic or recurrent hypersemia, but it is more

probable that the abnormal vascular states are secondary to the ab-

normal conditions of the nervous centres and tracts. Post-mortem

investigations have not as yet yielded anything of value bearing upon

the nature of the disease.

In Montgomery's case a piece of skin from the malar region and

another from the chin were removed, and were examined microscopic-

ally. The sections were found to be extremely brittle, easily break-
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ing along tlie sebaceous glands. Tlie skin in the vicinity of these

glands was lacking in resistance, as shown on introducing sutures

into the face. After operation all of the specimens removed showed

considerable round-cell infiltration along the course of the blood-

vessels. Little tumor-like elevations of the skin were found to be

composed of masses of concentrically arranged epithelial cells which

had undergone hyaline degeneration. Montgomery concluded that

the hypertrophy^ of the soft parts was to be referred to an increase in

the size of the hairs and of the sebaceous glands, also to plugging of

the sebaceous glands, and probably also to an increase of the con-

nective tissue and fat. The sebaceous glands were enormously in-

creased, especially in the cheeks.

Symptoms.

In Montgomery's case * the disease was first noticed at the age of

ten years. It began in the gums and was almost exactly confined to

the left of the median line, although the upper lip and gum of the

right side were slightly encroached upon. The limitations of the

hypertrophy were almost exactly those of the distribution of the fifth

nerve. The deformity was included in an "irregular quadrilateral

figure, bounded by a line starting on the top of the head at the ante-

rior extremity of the sagittal suture, running down the nose to the

lower border of the chin ; then from the chin upwards and backwards^

along the lower border of the inferior maxillary to the tip of the left

mastoid process, and thence upwards to the point of commencement,

the anterior extremity of the sagittal suture."

The most marked enlargement and deformity may be shown in

particular portions of the head and face, as in the supraorbital, malar,

and mental regions. In Montgomery's case both soft tissues and

bones were affected by the abnormal process, but in the case of Dana

the soft tissues escaped. It will be remembered that in Dana's case

the facial hypertrophy was a part of a general process.

The face sometimes has a swarthy or saddle-leather look. The

mouths of the sebaceous follicles are enlarged, the hair is coarse, and

the lanugo or down on the nose and ear may become as large and stiff

as ordinary hair. Enlargement of the ear was present in Montgom-

ery's case, and was caused by hypertrophy of the cartilage. The

comedones are unusually numerous. Bony enlargements above and

about the orbit give the forehead and eye an extremely abnormal

* The signs and symptoms of this affection, at least when it is acquired, cannot

be better given than by an enumeration of the salient points of Montgomery's de-

scription.



HEMIFACIAL HYPERTROPHY. 495

appearance. The orbit and eye may present a beetling, cavernous

look.

The gums and alveolar processes may show an overgrowth. In

several of the reported cases the alveolar processes were enlarged.

The facial expression is changed, but paralysis of the facial muscles

is not present, the patient usually having full control over willed

movements of the face.

In Dana's case of gigantism and acromegaly, the left side of the

face showed remarkable osseous hypertrophy, involving the frontal

bone and the upper and lower jaws, corresponding closely with the

distribution of the left trigeminal nerve. The enlargement gave a

curious twisted and asymmetrical look to the face. In this case, as

in others, the apj)earauce of the face at first gave the impression of

atrophy of the comparatively normal side.

In Montgomery's case the tongue was not hypertrophied, and the

vessels were normal, but in several cases recorded by others the ves-

sels were unilaterally hypertrophied.

Increased flow of saliva has been noted, and increase of perspira-

tion on the side affected, especially in congenital cases.

General sensibility and the special senses are not usually affected,

although in a case recorded by Friedreich sight and taste were both

diminished.

The field of vision may be blurred by the faulty removal of the

lacrymal secretion, faulty because of the deformed upper lid. In

Moutogmery's case the discs were excavated on the left or affected

side more than on the right, but optic neuritis was not present, and

there were no signs of intracranial pressure.

Diagnosis, Prognosis, and Treatment.

The diagnosis must, in the first place, be made from hemifacial

atrophy, for, as already stated, in some of the cases the appearances

give rise at first to the impression that the other side of the face is

wasted. Close inspection of the different tissues and structures of

the face, and of ocular, facial, and mandibular movements will soon

clear up this point. It is possible, but not probable, that some acute

inflammatory affection of the face, jaw, or skull might need to be

differentiated; but an inflammation of the gums or cheek, an abscess,

chronic periostitis from syphilis and similar affections, could be

readily excluded on careful examination. As the cases are usually

congenital, and the result of arrested, aberrant or abnormal de-

velopment, the prognosis is of course unfavorable. Even in the ac-

quired cases, so far as the meagre records go, little can be hoped for
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in the way of improvemeut or cure. The course of the disease is

usually a slowly progressive one. In rare instances compression of

the brain or of important nerve structures may result from the aug-

mentation of the osseous and other tissues. In the recorded cases

no treatment has proved of avail.

Hypertrophy of One-Half of the Body.

Occasionally cases are observed in which, at birth, one-half of the

body or one limb is much larger than the other, and as a rule the

proportionate difference in size between the two sides of the body is

preserved as the child continues to grow. Mobius has reported a

remarkable case of this kind, in which the right lower extremity was

of enormous size as compared with the left, and the whole right haK

of the body was hypertrophied. In most cases of this kind the skin

and subcutaneous tissues are the seat of greatest change. The bones

are implicated in a fair percentage of cases, but the muscles only in

rare instances. While the local hypertrophy is generally confined to

one side of the body, this is not always the case; it may be x)resent

in several areas on both sides, and Friedreich has reported one case

in which the right lower extremity and the left face and left arm were

hypertrophied. The pathogenesis of these curious cases of local

hj^pertrophy has not yet been clearly determined. The few facts

which are known with regard to facial atrophies and hypertrophies

suggest the view that in some, if not in most of the cases, neural irri-

tation and degeneration play the most important role.

Localized Atrophies and Hypertrophies.

A considerable number of localized atrophies and hypertrophies,

that is, of atrophies and hyi^ertrophies limited to special i)ortions of

the body, have been described. Sometimes these cases are congeni-

tal, sometimes they are apparently of infectious or traumatic origin.

They include cases of linear atrophy, atrophy or hyi:»ertrophy of the

fingers or toes, hypertrophy of one or more extremities, and other

special varieties of abnormal increase or decrease of the body tissues.

Sir Dyce Duckworth has recorded a case in which the patient, three

months after recovering from a severe attack of enteric fever, com-

plained of extreme sensitiveness over the region of the thighs and

over the malleoli, and examination of the parts revealed several longi-

tudinal spots of linear atrophy and hyperesthesia. This case, as the

author indicates, points to the fact that both tro]ihic and sensory

branches of the nerves were affected by the special toxin of the

fever, neuritis with neural atrophy probably having been present.
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Other cases of localized linear atrophy have been recorded as occur-

ring after infectious fevers.

Hyperostosis of the Cranium.

Hyperostosis of the cranium {hyperostosis cranii) is a disease, usu-

ally of trophic developmental origin, in which the bones of the cranium

are hypertrophied, the enlargement extending over a large portion of

the skull or being confined to limited areas.

Among the terms which have been used to describe hyperostosis

of the cranium or conditions closely allied to it, are leontiasis ossea

(Virchow), and megalocephalie (Starr). By some writers it has been

regarded as identical with, the osteitis deformans of Paget, but it is

questionable whether the cases properly classed as hyperostosis

cranii belong in the same category with Paget' s osteitis deformans, a

disease which manifests itself chiefly in the long bones, and comes

on usually after middle life. Virchow suggested the name leontiasis

ossea because it seemed to him that the osseous hypertrophy was

analogous in nature to elephantiasis, which affects the skin and soft

tissues.

History and Literature.

By far the most valuable contribution to the subject of hyperosto-

sis of the cranium is an article by J. J. Putnam, of Boston, who has

not only recorded observations on five personal cases with an addi-

tional case of Morton Prince, but has carefully reviewed the literature

and theories of the disease.

Prior to 1892 only one paper of importance on the subject of

hyperostosis cranii seems to have been published, and that was by

Virchow. Baumgarten, in 1892, analyzed the clinical history of such

cases as he could discover in medical literature, and described thir-

teen famous skulls showing hyperostosis, found in the museums of

Europe. Le Dentu, in 1879, described hyperostosis chiefly as it

occurs in disease of the jaws. Putnam gives a brief bibliography

of the subject at the end of his article, and refers in the body of it to

several American contributions. Besides the papers of Virchow and

Baumgarten, one of the most important is by Poisson, who suggested

the theory of trophoneurosis to explain the disease. He described

ten specimens, and analyzed or summarized about thiii;een clinical

observations, but some of the cases referred to by him certainly did

not belong properly to the disease under consideration. M. Allen

Starr, in 1894, published an account of a case for which he suggested

the name megalocephalie. Edes, in 1896 (in the same number of the

Vol. XL—32
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American Journal of the 31ecUcal Sciences in which Putnam's paper

appears), records a case with two illustrations. Hinsdale, in 1896,

published the description of a skull showing hyperostosis of the cra-

nium, the specimen being in the Mutter Museum of the College of

Physicians of Philadelphia, to which it was presented by Dr. Charles

Herwisch. Diller, of Pittsburg, has also recently recorded a case.

Etiology and Pathogenesis.

A few facts regarding the general etiology of this disease are

known. It usually originates in early life ; of fourteen cases to which

reference is made by Putnam, in seven it was initiated under the age

of seven years. Of those over the age of seven, in one the age was

between twenty and thirty, and the other six were over thirty. The

disease does not often begin after middle life, and its typical form

undoubtedly begins in youth. It is of more frequent occurrence in

females.

The disease nas been attributed to injury of the head in a small

number of cases, but the real influence of traumatism may be regarded

as doubtful since injuries are of frequent occurrence, and the tendency

is to attribute all forms of acquired local deformities to traumatisms.

With regard to the pathogenesis of hyperostosis cranii, the weight

of opinion seems to be in favor of its trophic or developmental origin.

In its typical forms it can probably be regarded as a true trophoneu-

rosis. Virchow, however, held that localized osteophytes and gen-

eral hypertrophies of the bone, such as occur in hyperostosis cranii,

were due to local processes of irritation or inflammation—a view

which has been upheld by others, and which is probably correct for

some cases of bony enlargement, but not for those which are usually

classed as hyi)erostosis cranii. Even Yirchow regarded heredity as a

probable predisposing influence, and also believed that the disease

was more likely to occur at certain developmental periods.

Starr regarded the disease as of trophic origin like acromegaly,

and in support of this view called attention to the associated thicken-

iugs and enlargements in the neck, skin, and in the features. Putnam
also refers to the fact that in some of the cases changes had taken

place in the neck and in other parts of the body of a character which

indicated that some general condition was at the bottom of the

disease.

While many facts and analogies would seem to support the trophic

tlief)ry, most of the X)athological o1)servatious which have been made
in special cases seem to be opposed to it. With regard to this point

Putnam speaks as follows

:
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" As against the trophic theory is the fact, which for the present

must count for the essential one, that the pathological change hitherto

observed seems to be an inflammatory one, invoMng the periosteum,

the bone, the dura mater, in varying degrees, and usually leading to

an obliteration of the diploe. Sometimes the diploe is rarefied, to

Fig. 51. —Hyperostosis of the Cranium. (Hinsdale.)

be sure; but oftener it is changed to an ivory-like tissue, such as is

occasionally seen in syphilitic skulls. In acromegaly, on the con-

trary, the changes are, on the whole, rather of the nature of hyper-

trophy, and signs of periostitis are, to say the least, not prominent."

Symptoms.

The hyperostosis may predominate in one of at least three iDlaces,

namely, the cranial vault, the bones of the upper face, or the lower jaw.

In the recorded cases the disease has been manifested most markedly

and frequently in the upper face. The appearance of the head and of
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the features clianges to a remarkable degree, as the disease pro-

gresses, and as is strikingly seen in some of the photographic illustra-

tions of the disease at different stages.

Among the symptoms or affections which have been observed as

Fig. 52.—Hyperostosis of the Cranium. (Hinsdale.)

occurring at any period in the history of hyperostosis cranii, are epi-

lepsy, erysipelas, suppuration of the ear, and suppuration of the

tear duct.

Among symptoms directly attributable to the pathological process

are jjain in the head, which may be either localized or diffused, pains

in the limbs, exophthalmos, mental irritability, drowsiness, loss of

hearing, taste, or smell, and oj^tic neuritis with secondarj'^ atrophy.

Insecurity in walking and awkwardness in the use of the hands have

also been noted, and are directly or indirectly to be referred to the

disease. The headache, or head pains, have been found in about

half the cases which have been recorded, and these pains as a rule
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have appeared to be osteoscoi)ic, that is, due to the irritative p»rocess

going on in the bone itself, and not to pressure. Optic neuritis was

observed in one of Putnam's cases and in the case recorded by Edes,

while atrophy of the optic nerves was present in Prince's case, and

was probably consecutive to a neuritis which had been present before

the case came under the observation of Prince. Loss of teeth has

been observed in several cases. The hair sometimes becomes coarser.

Diagnosis, Prognosis, and Treatment.

In the early stages of hyperostosis cranii it is possible that the.

pain, usually more or less localized, might lead to the supposition

that a neuritis or ordinary periostitis was present. As the disease

advances, the only affection with which it is likely to be confounded

is intracranial tumor, and indeed the conditions which are present

within the skull are similar to those which we have in brain tumor;

in other words, when circumscribed enlargements of the bones are

present on the outside of the skull, endostoses may be present on its

inner asj^ect, and Yirchow long ago suggested what is now well known
to be the fact, that such internal osseous thickenings are likely to

occur at points within the cranium correlated to cranial exostoses.

The fact that papillitis and atrophy have been observed in a few

cases also makes the diagnosis from brain tumor of more imi)or-

tance. The diagnosis is of course to be made by a study of the prog-

ress of the case, and esjiecially of the data which indicate that the

bones of the jaws, face, or cranial vault have gradually hypertrophied.

While pain in the head is of frequent occurrence, it is usually not of

the agonizing character observed in cases of brain tumor. The local

paralyses and spasms and the affection of the special senses due to

local intracranial processes are not present.

The progress of the disease is slow. As stated it usually begins

in youth, and the patient may live until middle age or beyond it.

The prognosis is unfavorable, although in some of the cases the dis-

ease has remained stationary for a considerable period. No treat-

ment in recorded cases has proved of avail. Putnam has suggested

trephining when the symptoms of intracranial pressure and irritation

are severe and the external affection is somewhat circumscribed.

Owing to the thickness of the skull, however, such an operation would

be tedious and difficult. It might be worth while to try the operation

simply for the purpose of relieving pain and retarding the progress

of the disease. Putnam has also suggested that the process of osse-

ous hypertrophy might be retarded by cutting off the blood supply

of the bone. In one of Putnam's cases the throbbing in the head,
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congestion of tlie face and sweating, whicli distressed the patient, were

relieved bv pressure made by a light steel spring and pad which w^as

so applied as to compress one of the carotid arteries, and the ques-

tion of ligating the carotid or one or more of the meningeal arteries

is worthy of consideration. Thyroid treatment might be tried.

RAYNAUD'S DISEASE.

Synonyms, Definition, and Literature.

Eaj'naud's disease is a vasomotor and trophic affection, paroxys-

mal in its most marked manifestations, usually bilateral and sym-

metrical, and characterized by such j)henomena as pallor, coldness,

numbness, pains, annesthesia, and gangrene, attacking by preference

the fingers and hands, although the toes and feet, and even the ears,

nose, and other parts may be affected.

In 1862 Maurice Raynaud carefully described the aifection, which

in its most complete type is characterized by local gangrene of the

parts affected. Frequently the 'disease presents itself in several

stages, to which special names have been applied, and hence, although

it has numerous synonyms, none of these is fully applicable to all

phases of the affection. In one stage of the disease the chief manifes-

tations are those of local syncope, and the affection, so far as observa-

tion extends, may not i3ass bej'ond this condition, w^hicli is character-

ized by extreme coldness with a shrinkage or contraction of the tissues.

In other cases local asphyxia is i)rimarily developed, the i^arts be-

coming swollen, turgid, and livid, showing extreme stagnation of the

entire capillary circulation. The disease in some instances may not

pass beyond this stage. When local asphyxia is present only in the

extremities, the affection is sometimes designated acroasphyxia, and

at other ihnes &8 dead Jjugers or dead toes (diglti mortui). The last

stage of the disease is usually that of local gangrene, the affection

then being known by various names, such as symmetrical gangrene of
the extremities, local gangrene of nervous origin, sphaceloderina, gan-

grene of the sldn, and neuropathic gangrene. The disease usually

shows itself in the extremities as a symmetrical affection. In rare

instances the nose is affected. Two of tlie stages or varieties of the

disease may appear in the same subject and even in adjacent regions

;

some i)arts, for example, appearing as cold and cyanotic, while others

are swollen, red, and hot.

In Volume V. of the present work, Leloir, in an article on "Der-

matoneuroses," has described this disease at some length, but some
of the neurological features of the affection are not there considered.
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For a full description of some of the most important phenomena of

the disease at different stages, the article of Leloir should be con-

sulted, as they will not be here repeated in detail.

The literature of the subject of Raynaud's disease is now very

large. Among early publications of imijortance on this and allied

subjects, after the papers of Raynaud, were those of Billroth, Weir
Mitchell, Allan McLane Hamilton, J. C. Warren, Weiss, R. Lauer,

Schulz, and Lutz. These and other writers are referred to by M. Allen

Starr in Pepper's "American System of Medicine," 1886, and since

this date the literature of the subject has very rapidly expanded.

The writer in 1878 reported an interesting case of Raynaud's disease

in the American Journal of the Medical Sciences. Among important

articles of comparatively recent date are those of Wiglesworth,

Affleck, Collier, Collins, Henry, and Osier.

Etiology.

The disease occurs more frequently in the female than in the male
sex, in the jjroportion, perhaps, of two or three cases to one. It is

rare beyond the age of fiftj^, and most frequently appears between the

ages of twenty and fifty, although typical cases have been observed

in children. Exhausting diseases and any causes or conditions which

lead to impoverishment of blood and weakened nerve power va&y pre-

dispose to the affection, which has been observed in the anaemic, neu-

rasthenic, hysterical, and those suffering from such constitutional

affections as syphilis, tuberculosis, and cancer. Occupation may be

a predisposing factor. In some instances it is an exciting cause, as

when the disease occurs among laundresses or washerwomen whose
duties require them to have their hands for a long time in water or other

liquids of different temperatures. A few cases have been attributed

to injury. Some cases have been ascribed to blows or falls so received

as probably to affect the solar plexus or special ganglia of the sys-

tem of gangliated nerves, but these cases seem to be of doubtful au-

thenticity. Some authors, and among them Raynaud, have attributed

considerable influence in the production of the disease to disorders of

menstruation, but the majority of writers seem to doubt the impor-

tance of the part played by this process. Among exciting causes

fright and emotional disturbances of various kinds should be given an

important place, and special occupations and local exposures to heat

and cold may have some influence. The disease has also been ob-

served among alcoholics and among patients who are habituated to

the use of opium and other narcotics. It is believed by some to be

most frequently due to toxic causes. It follows or is associated with
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infectious diseases in some instances. It may be a concomitant or

complication of other organic diseases, particularly those of a chronic

and degenerative character, such as tabes, syringomyelia, myelitis,

and bulbar paralysis, and it has not infrequently been observed

among the insane.

Leloir calls attention to the coexistence of the asphyxial form of

the disease with tabes, and also to the occurrence of the affection in

connection with intermittent fever, referring to several writers who

have reported such cases, and to three cases of his own.

Pathology.

Raynaud ascribed the disease to irritation or increased action of

the escitomotor portion of the spinal cord, believing that the gangrene

was dependent upon some lack or perversion of innervation of the cap-

illaries. It will therefore be seen that Raynaud held to its central

origin. According to another view the condition is due directly to

perix)heral irritation. Different symptoms or stages have been attrib-

uted to different actions upon the vasomotor nervous system—the

stage of local syncope to irritation of the vasoconstrictors and that of

local erythema and asphyxia to irritation of the vasodilators. An-

other view held by a considerable number is that the affection is of

reflex origin, and it is by this mechanism that menstrual disorders

have been supposed to be efficient in its causation. The well-deter-

mined fact that exposure of the affected parts to cold or wet or to

alternations of cold and heat may sometimes bring on paroxysms of

the disease, would seem to indicate that in some instances at least it

may be of peripheral origin. On the other hand, the effects of sudden

emotion point to central disturbance or to general disturbance of the

entire nervous apparatus. Doubtless the mechanism is different in

different cases.

Henry has carefully summarized and discussed the different theo-

ries of the cause of Raynaud's disease, which are (1) that it is due to

endarteritis obliterans ; (2) that it is due to peripheral neuritis ; and

(3) that it is the result of vascular spasm. With this writer I believe

that the theory of arteriole spasm is certainly the one that is most in

accordance with the clinical phenomena, and this was the theory to

which Raynaud gave his adherence. " The disease is most prevalent

in females and in the young, i.e., in those whose vasomotor system is

most impressionable. It occurs in paroxysms which are caused by the

surest exciter of vascular spasm—cold." Finally, in several cases dur-

ing the paroxysm there has been dimness of vision, which was shown

by the ophthalmoscope to depend u])on a contraction of the central
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artery of tlie retina and its brandies, and in one recently reported by

H. M. Tliomas the attacks of local syncope were followed by a chill,

loss of consciousness, and convulsions. Such facts are in the highest

degree corroborative of Eaynaud's view, that the disease known by
his name is due to an " enormous exaggeration of the excitomotor

energy of the . gray parts of the spinal cord which control the vaso-

motor innervation."

"The symptom hsemoglobinuria, occasional!}^ observed, is best

explained by the theory of vascular spasm. The origin of the hsemo-

globinuria may be twofold : it may be due to excretion of hgemoglobin

that has been separated from the red corpuscles in the peripheral

asphyxiated parts—nose, ears, and fingers—or it may be due to an

asphyxia of the renal or other internal vessels."

Endarteritis obliterans can be excluded as a cause of genuine

Eaynaud's disease, although occasional cases somewhat closely re-

sembling this affection may be due to arteriosclerosis. Such cases

have been recorded by Jacobj^, and are cited by Henry, one in a boy

who developed nephritis with chronic albuminuria and died of apo-

plexy, and another in a syphilitic subject. Against the theory of

endarteritis obliterans are the early ages of many of the patients, the

paroxysmal character of the symptoms, and the comparative rarity of

Eaynaud's disease. According to Henry, neuritis, when present, is

probably of secondary origin. My own experience would lead me to

coincide with him in this view.

Symptoms.

The symptoms of Eaynaud's disease differ according as they are

observed in the stage of local syncope, local asphyxia, or local gan-

grene. These symptoms, in accordance with these stages, are so

fully given in the article by Leloir that it will not be necessary to re-

peat them here, but reference will be made to some points in the symp-
tomatology not fully described by this author. The most important

symptoms when the disease presents itseK as local syncope are pal-

lor, which may become extreme, with coldness and contraction of the

tissues. Sensibility is diminished, especially the tactile sense, and

pain is almost constant.

The chief phenomena when the affection presents itself first as

local asphyxia are lividity from capillary stasis, with, in some in-

stances, swelling and increase of temperature. In others cyanosis

and mottling of the skin are present; pain is persistent and often

severe, and the skin may be anaesthetic. When the disease passes

on to the gangrenous stage the skin becomes dark and insensible, and

sometimes necroses in spots. The disease differs from true gangrene
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in that the gangrenous spots disappear, perhaps to reappear in the

same place or near by. '

It has been shown that intermittent hsemoglobinuria may occur

during a paroxysm of Raynaud's disease, or, to all appearances may
be a substitutional condition, taking the place of the attack.

Numerous nervous symptoms have been described as accompany-

ing Raynaud's disease, ranging all the way from simple depression

or a sense of nervous weakness, to coma and convulsions. Disturb-

ances of all the special senses have been noted, and especially visual

and ocular affections. In some instances the visual fields are con-

tracted or obscured, and internal ophthalmoplegia has been observed.

Osier, after referring to the frequency with which Raynaud's dis-

ease is met with in forms of insanity, says that in a few cases cerebral

manifestations, due apparently to vascular changes similar to those

which develop in the peripheral parts, have been described. In the

case of a man in whom* epileptic attacks occurred in the winter months

only, in connection with local asphyxia and superficial necrosis of

the ears, the patient had also hsemoglobinuria. In another case, that

of a woman aged fifty-two, local syncope and asphyxia occurred at

intervals during a period of six years in the fingers and hand of the

right side, sometimes with aphasia, and on several occasions with

transient paralysis of the right arm and leg. In the final attack the

patient died with gangrene of the right hand and arm. Weiss has

reported another case in which aphasia complicated the disease. In

a third case " falling attacks" of an indefinite character occurred in

a young girl, with local asphyxia from the knees to the ankles.

Dlignosis.

The diagnosis of Raynaud's disease is usually not difficult if mod-
erate care is taken by the investigator. The affections with which it

is jjossible to confound it are gangrene due to cardiac disease or to oc-

clusion of the vessels from embolism or endarteritis, and the gangrene

associated with diabetes and nephritis. Erythromelalgia resembles

some of the stages of Raynaud's disease. The eponym, Raynaud's

disease, should be restricted to cases in which the disease is a true

trophoneurosis. Besides the forms of gangrene just enumerated as

not belonging to the class of Raynaud's disease, other varieties, usu-

ally of symmetrical type, may result from such causes as severe

infection, disturbances of hEematopoiesis, and ergotism. In connection

with the careful etiological study of the case, the bilateral symmetry
of the affection, its mode of onset and progress, and the absence of

evidences of disease outside of the neural ai)paratus will serve to
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make the diagnosis clear. Levi lias recorded cases of what he re-

gards as hysterical forms of Raynaud's disease, and of erythromelal-

gia. One case of this disease he rej^orts as haAdng occurred in an
hysterical and hypnotizable subject, who presented also abnormalities

of the urinary functions. He believes that the hysterical form of

Raynaud's disease may be established by a powerful emotion, and by
the transformation of this affection into a subconscious imperative

emotion, the disease becoming an entity. The onset is sudden and of

emotional origin, with associated renal disease, either anuria or polj^-

uria. In hysterical cases the^disease is presented as a local syncope or

asphyxia, although Levi believes it may be possible for gangrene to

result. The attacks are temporary, but may frequently recur, and,

according to Levi, are distinctly influenced by hypnotic or post-

hypnotic suggestion. The question of the existence of an hysterical

form of Raynaud's disease is of course of importance in the diagnosis

of the affection.

Legroux raises the question whether chilblains, local asphyxia,

and sj^mmetrical gangrene may not represeut different degrees of a

necropathic dystrophy, of which the most striking example is fur-

nished by syringomyelia. Chilblains do not come without special

exposure to cold, and while cold may determine an attack of Ray-

naud's disease or increase its violence, this affection may apjjear

without relation to changes in temperature. Legroux regards pre-

disposition as essential to the production of chilblains.

The symptomatology of erythromelalgia clearly separates it from

Raynaud's disease. This symi)tomatology in one of its most usual

forms is well described in Weir Mitchell's own words: " The patient,

nearly alwaj-s a man, after some constitutional disease, like a low

fever, or after prolonged physical exertion afoot, begius to suffer with

pain in the foot or feet ; usually it comes in the ball of the foot, or of

the great toe, or in the heel ; and from these parts it extends so as to

involve a large portion or all of the sole, and to reach the dorsum,

and even the leg. More often it is felt finally in a limited region of

one or both soles, and does not extend beyoud these areas. At first

it is felt only towards night, and is eased by the night's rest; but,

soon or late, it comes nearer and nearer to the hour of rising from

bed. In like manner, while at first it is made to increase only by ex-

cessive exertion afoot, by and by it comes on whenever the upright

posture is assumed, or even when the foot is allowed to hang down.

Since, however, the disease is not necessarily progressive, there are

instances in which the pain never passes a definite limit. One
case may for years have the trouble only in the evening; a second

may reach and remain at the point where only a long walk in summer
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causes it ; a tliird may stand still, as it were, in a far more advanced

stage of the malady, and, though suffering horrible pain, become no

worse; while in the gravest cases, more familiar signs of organic

disease of the spinal cord m.£ij arise to shed light upon the pathol-

ogy of the minor forms of the trouble."

The symptomatology of erythromelalgia is varied and modified in

different cases, but preserves its general characteristics as exhibited

in the above description. The patients use different terms as de-

scriptive of the pain experienced, but in the vast majority of cases it

is spoken of in terms which indicate its "burning" character. This

pain may be light and moderate, or of a severe and even torturing

character. The horizontal position and cold relieve the pain. The

I)atients are usually better in cold than in warm weather. Changes

take place in the appearance of the feet. The skin in the parts most

affected, for instance, ma}^ come to assume a dusky, mottled-red ap-

pearance. Pressure and standing or walking may increase the pain,

tenderness, redness, and congestion of the ijarts. The flushing may
come on rapidly or slowly, and involves both arteries and veins. In

the most severe cases the patients are unable to stand. The cases

are rarely curable, but may be improved by rest, cold, and general

tonic treatment. In some instances they gradually become worse

and worse.

Prognosis.

The prognosis of Eaynaud's disease must be considered from two

points of view: (1) As to fatality in paroxysms of the disease, and (2)

as to the influence of the disease in shortening life. In regard to

special attacks of local syncojpe or local asphyxia, or even of sym-

metrical gangrene, the prognosis can be regarded as good. The cases

do not end fatally, and in most instances the affected parts recover, to

a certain degree at least, their local functions, although it may be to

have future syncopal, asphyxial, or gangrenous attacks. The general

health of the patient suffering from Raynaud's disease is not, as a

rule, good ; some of its victims, as in one case of my own, die from

I)htliisis, and others from diabetes. As has been indicated, they may
be sufferers from degenerative diseases, such as posterior sclerosis,

syringomyelia, or progressive muscular atrophy. The prognosis as

to recovery from the attacks will depend largely upon their severity

and the extent of the tissues involved. The disease sometimes pre-

cedes scleroderma of the fingers or sclerodactylia. Starr has recorded

a case which seems to show that the disease can be entirely outgrown.

He had a little girl under observation for three years, she having

been first seen at the age of three years. Ten years later she pre-
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sented no signs of the disease. Tlie cases improve in tlie wanner

weather, and some of the milder type may recover when they are no

longer exposed to the cold.

Treatment.

The indications for treatment are (1) to improve the general

health of the patient; (2) to imjDrove local circulation and nutrition;

and (3) to relieve the pain which so often accompanies the local dis-

order. Strychnine, arsenic, manganese, iron, quinine, cod-liver oil,

malt, and light wines all have some value in improving general health,

and wherever possible change of air and surroundings should be had.

Sea voyages are advantageous, and a change from cold to warmer lat-

itudes during the winter may prove of benefit. The extremities

should be kept warm ; the j)arts, for instance, can be wrapped in wad-

ding. Electricity, both faradism and galvanism, has been recom-

mended, and the latter is especially worthy of trial in the early stages

of the disease. A method which has much in its favor is that of

applying the current by placing the hands of the patient in vessels

containing warm water through which the galvanic current is passed.

Massage with oils or ointments, and both passive and duplicated move-

ments of the extremities are measures of treatment which have much
to recommend them. Nitroglycerin has been suggested with the view

of affecting the circulation of the extremities. To relieve pain in

extreme cases anodynes, often codeine or morphine, may be required,

although it is not well to resort to these drugs because of the danger

of establishing the habit for them.

When the history of a case shows that syphilis, either inherited

or acquired, is present, antisyphilitic treatment should be employed.

Several cases of Kay.naud's disease with such histories have been put

on record. In these cases the affection may be exjDlained either on

the theory of a syphilitic arteritis or of angiospasm due to a toxin.

An organic lesion of the brain, spinal cord, or abdominal cavity

should always be diligently sought before applying treatment (Esk-

ridge).

PERFORATING ULCER OF THE FOOT.

Perforating ulcer of the foot {mal perforcuit du pied) in rare in-

stances is an isolated affecfion, but commonly it is one of the local

trophic manifestations of certain degenerative and inflammatory dis-

eases of both the central and the peripheral portions of the nervous

system. It long ago received the attention of Vulpian, and was early

studied also by Duplay and Morat. It is an ulcerative process, as a

rule developing slowly, and located usually somewhere on the plantar
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surface of the foot, although it may appear in other positions. It

has been regarded as the result of suppuration of a bursa or swelling

beneath a corn, and appears in some of these cases to be a local proc-

ess. Under proper surgical treatment such cases sometimes entirely

recover. Southam has recorded a case in which a perforating ulcer

appeared on the outer aspect of the great toe, the ulceration begin-

ning with suppuration beneath a corn. It eventually became neces-

sary to amputate the toe at the metatarsophalangeal joint, but the

Fig. 53.—Perforating Ulcer of the Foot.

wound healed kindly and the patient recovered and was never after-

wards troubled by a similar affection. No degenerative disease was

present.

When plantar i^erforations are present and limited to a single por-

tion of the foot, as to the under surface of the great toe, the epider-

mis sometimes is thickened over a large part or the whole of the

jjlantar surface ; the dorsal surface is sometimes covered with thick

scales ; the nails are often changed, and may be thickened, yellowish,

rough, cracked, or recurved; the skin may assume a brownish color,

and the secretion of sweat may be more abundant than usiial and of a

fetid odor, but at other times it may be diminished or suppressed.

The subcutaneous cellular tissue may be hardened, and at times an-

kylosis of the articulations of the foot, or subluxations and form-

ities may be present. Cutaneous eruptions, oedema, and swellings

may also be accomiianiments or complications in cases of perforating

ulcer.
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Perforating ulcer has been noted as the result of disease or injury

of various nerves, and especially of the sciatic. In one recorded case

a perforating ulcer of the foot formed after the wounding of the sci-

atic nerve by a ball, and in another the same lesion occurred from
compression of the sciatic at its origin by a cyst of the sacrum.

Among chronic degenerative diseases those in which it has been

noted are tabes, disseminated sclerosis, Friedreich's disease, pro-

gressive muscular atrophy, syringomyelia, and paretic dementia. It

has been observed in anterior jioliomyelitis, and it also occurs in the

various forms of neuritis, as in those which are caused by toxic agents

such as lead, alcohol, mercury, and arsenic, and those which follow

infectious fevers. Any disorder causing a profound nutritive change

may produce ulcerative perforations.

The dorsal spinal ganglia are from analogy the most probable

seats of the initial lesion. In many cases iis has been attributed to

disease of the spinal cord, but it is not probable that this is the pri-

mary seat of the affection. It is now known that the primary lesions

of locomotor ataxia are in the dorsal spinal ganglia.

The only recorded pathological appearances are those which have

been noted in connection with autopsies and microscopical examina-

tions in cases of tabes and other chronic degenerative diseases.

The existence of a local lesion, like perforating ulcer, should

always lead to an examination of the patient for evidences of a more
general disorder, such as tabes or syringomyelia. The disease is

often bilateral and more or less symmetrical, or a fully formed ulcer

may be present on one foot while a callosity and other evidences of

perforating disease occur on the other foot. Althaus records a case

of tabes in which areas of soreness in the soles of both feet gradually

turned into perforating ulcers, this being the first s^-mptom.

The 2orog7iosis when perforating ulcer occurs in connection with

degenerative disease is unfavorable. The ulcers may heal under

proper treatment; in some instances amputation of a toe becomes
necessarj^, or even a i^ortion of the foot will need to be removed.

When healing occurs, relapses are comparatively common, espe-

cially if the patient attempts to stand or walk. WTien the disease is

purely local the ulcers sometimes heal and remain healed.

Treatment.—Patients, in the first place, should be taken off their

feet, complete rest of the affected parts being essential. Antiseptic

dressings and applications of bovinine have proved useful in some
cases. In the Philadelphia Hospital the sores are washed out with

a solution of mercuric bichloride and peroxide of hydrogen, and then

bovinine is applied directly or by injection.
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AINHUM.

Ainlium is a trophoneurosis which usually results in a spontane-

ous amputation of the little toe, although in exceptional cases other

toes and even the fingers may be affected. . In one reported case the

disease is recorded as having progressed as far as the middle third of

the leg. An interesting summary of the facts known regarding ain-

hum is presented in a paper by Dr. AValter L. Pyle, published in

1894.

In Brazil the disease is known as aiiiham, or quigila, and in India

as suJcha paJda. Other names which have been given to this disease, in

obedience to various hyjjotheses of its nature, are amputating leprosy,

pityriasis Ethiopium, and scleroderma annulare ; it is also known as

dactylolysis spontanea.

The first report of a case was made by da Silva Lima, of Bahia,

Brazil, in 1866. Numerous cases have been reported since, covering

almost every part of the globe—Brazil, Egypt, Trinidad, the African

coast, Algiers, Madagascar, India, China, Ceylon, British Guiana,

the West Indies, Polynesia, and various parts of the United States

and Canada. Up to the time of the publication of Dr. Pyle's paper

the following cases had been seen in this country : Three cases in

West Virginia in three negroes in the same family ; a case in a ne-

gress from North Carolina; cases in Philadelphia and in Canada in

negroes with North Carolina antecedents ; a case at Darlington, South

Carolina; five cases in Louisiana, and one case in a negro, fifty years

old, seen by Dr. Pyle in Washington, D. C.

Etiology.

The peculiarities of climate and soil are supposed to have some

influence in its development, but the facts are not decisive, and indeed

are somewhat conflicting. According to some it is most common in

damp and rainy weather, while others report cases from the dry

highlands of India. Sandy soil and working in salt have been as-

signed as causes. It can only be said that it is a trophoneurosis of

uncertain origin. Local irritation is another assigned cause ; thus it

has been attributed to sand or other particles irritating the furrow in

which the disease usually begins, to the wearing of rings on the toes,

and to what is called "stone bruise." The theory tliat the affection

is due to pathogenic organisms has been advanced but has not yet

been proved.

The influence of heredity seemed to be exhibited in a case which

occurred in the practice of Dr. George B. Simpson, of Weston, W.
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Va., the notes of which case were sent to Professor Duhring, of Phil-

adelphia, with one of the to«s which had been sijontaueously ampu-
tated. The father of this patient, it was learned, had lost two toes

in the same way, and the mother was a sufferer from the same dis-

ease, although at the time of the rei)ort she had not yet lost any
toes. H. Weber, j)revious to the publication of this account, had
already referred to heredity as a probable cause. Dr. Henry Wile
made an exhaustive microscopical study of the specimen submitted to

him by Professor Duhring, as the result of which he was led to be-

lieve that the entire process was due to a disturbance of circulation,

the cause of which was intermittent in its action. With regard to

this method of causation Wile speaks as follows

:

" Such causes have been assigned by Dr. da Silva Lima, in the

form of 'limited, or localized scleroderma,' and by Drs. Heitzmann
and Atkinson, in the form of a thin ligature applied ' with a purpose
and jjersistence. ' Believing in the intermittent action of the cause,

which is clearly indicated by the condition of the tissues, particularly

the blood-vessels, I regard the latter as the most probable explana-

tion. Supposing a ligature to have been applied, the superficial

veins suffering first from compression, it prevented the return of

blood, while the deep arteries being free, continued to supi)ly blood

to the part and pass into a state of congestion in which there was
some exudation into the surrounding tissues. The ligature being

removed, the comj)ression was relieved, and larger veins becoming
free conveyed blood away from, the part. That the larger veins were
free, is shown by the specimen in which their lumen is for the most
part empty. A reapplication of the ligature caused a repetition of

the process, each time giving rise to more cell exudation, which finally

brings about a condition known as wjlammatory oedema. In this con-

dition we find spaces between the bundles of tissue occupied by an
exudation containing a considerable amount of cells, in contradistinc-

tion to the condition of simple oedema, in which the exudation con-

tains little or no morphological products. The infiammatovy oedema

increasing, causes a compression of the veins, which interferes with

the return current, and keeps the part in a state of congestion. This

in turn keeps up the inflammatory oedema which must sooner or later

end in necrobiosis. The ligature, then, is in my opinion probably

the cause of the disease."

Symptoms.

Pyle condenses the symptomatology of the disease as follows:
" Ainhum begins as a small furrow or crack, such as soldiers often

experience, at the digitoplantar fold, seen first on the inner side.

Vol. XI.—33
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Tliis process of furrowing never advances in soldiers, and has been

given a name more expressive than elegant. In ainhum the toe will

in a few days swell, and a pain, burning or shooting in nature, may
be experienced in the foot and leg affected. Pain, however, is not

constant. There may be an erythematous eruption accompanying

the swelling. The furrow increases laterally and in depth, and meets

on the dorsal aspect of the toe, giving the toe the appearance of being

constricted by a piece of fine cord. As the furrow deepens the distal

end of the toe becomes ovoid, and soon an appearance as of a marble

attached to the toe by a fibroas pedicle x)resents itself. By this time

the swelling, if any, has subsided. The distal end of the toe bends

under the foot and becomes twisted when walking, and causes incon-

venience, and, unfortunately^ says Pyle, it is in this last stage only

that the patient presents himself. There is in the majority of cases a

small ulcer in or near the digito-plantar fold, which causes most of

the pain, particularly when walked on. The ulcer does not occur

early and is not constant. The case under my observation showed

no ulceration, and was absolutely painless, the negress applying for

diagnosis rather than treatment. The furrow deepens until sponta-

neous amputation takes place, which rarely occurs, the patient gen-

erally hastening the process by his own operation or by seeking

surgical treatment. A dry scab forms at the furrow, and when picked

and repicked constantly reforms, being composed of horny desqua-

mation or necrosis."

The disease is not usually symmetrical or simultaneous in differ-

ent toes. Cases with anaesthesia have been reported, although as a

rule sensation is not abolished. Careful histological studies of the

changes which occur in the parts affected have been made, especially

by Eyles. The conclusions reached by Pyle are as follows: "In

ainhum there is, first, simple hyi^ertrophy, then active hyperplasia.

The papillae are pushed down and deprived of blood supply and
undergo horny change. Meanwhile the pressure thus exerted on the

nervi vasorum sets up vascular changes which bring about epithelial

changes in more distant areas, the process advancing anteriorly, that

is, in the direction of the arteries. This makes the cause, according

to Eyles, an inflammatory and trophic phenomenon due mainl.y to

changes following pressure on the vasomotor nerves." It is probable

that changes take place in the nerve cells and fibres, but these have

not been demonstrated. The disease would seem to belong to the

class in which are included aufcsthetic leprosy and Morvaii's disease,

"The diagiwsis is easy. No other disease resembles it. Gan-
grene is distinctly different. In frost-bite there is a history of cold,

and this affection is of short duration. The absence of constitutional
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symptoms and its limited field of occurrence distinguish ainhum from

leprosy and from elephantiasis."
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SCLERODERMA, ACROMEGALY, AND
ADIPOSIS DOLOROSA.

SCLERODERMA.

Scleroderma is a disease in whicli tlie connective-tissue elements

of the skin, either with or without a previous period of oedema or

infiltration, undergo sclerosis or atrophy. As we will presently

see, this definition is insufficient, inasmuch as both clinical and
pathological facts indicate that the connective-tissue elements of

structures other than the skin may also suffer. Indeed, so extensive

is this involvement at times, including muscles, bones, joints, and

mucous membranes, that to define it as a disease of the mesoblast

better accords with the clinical findings. Again, the presence at one

time or another of either localized or general nervous phenomena sug-

gests that the definition of the affection must be still further enlarged

so as to include the nervous system, and it is because of the presence

of these nervous phenomena, though they are admittedly variable,

that the disease is here considered among the trophic affections.

Historical Sketch.*

There can be no doubt that the affection was known in some de-

gree to the ancients. Various descriptions given bj^ HipxDOcrates,

Galen, Avicenna, Paul of iEgina, and others suggest very strongly the

scleroderma of to-day. It is not, however, until the middle of the

seventeenth century that a description appeared in medical literature

which is unmistakably that of scleroderma. We refer, namely, to

that given by Lusitanus of a woman in whom the skin became very

hard and the entire surface of the body assumed the appearance in

thickness and resistance of leather. Subsequently^ similar descrip-

tions were given by Diemerbroeck and also by Helvetius. In the

eighteenth century Martin, Yater, Curzio, and Marteau also described

cases clearly referable to scleroderma. The descriptions of Currie

and Haller must also be included as must also that of Lorry. In the

* In the historical sketch of the affection, Lewin and Heller's treatise on " Sclero-

derma, " Berlin, 1895, has been freely used.
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earh' part of the present century cases were described by Alibert,

Strambio, Casanova, Henke, Baerman, Pierquin, Fantanetti and

Froriep. Tlie first accurate description of tlie affection, liowever,

was given in 1845 by Tliirial, who, in addition, endeavored to estab-

lish the identity of the affection he described with that of sclerema of

the new-born. The name scleroderma we owe to Gintrac. To Ball

we owe the first detailed description of sclerodactyle.

Various names other than scleroderma have been proposed; for

instance, sclerema or pachydermatous disease, elephantiasis sclerosa,

sclerosis corii, trophoneurosis disseminata, etc. However, the name
scleroderma is now by common consent universally used. Numerous
papers u^jon the subject have appeared of recent years and gradually

our conceptions of the disease have become more and more extended,

so that the circumscribed affection is considered as identical in nature

with the diffuse affection ; so also sclerodactyle is regarded as but a

local expression of the general pathological process.

Etiology.

Inasmuch as scleroderma is quite a rare affection, it has been diffi-

cult to establish the various factors which play a role in its causation.

However, in the admirable collection of cases made by Lewin and

Heller, some four hundred and seventy-five in number, certain facts

become evident. In the first place, it must be considered as estab-

lished that women are affected far more frequently than men, indeed

in a proportion somewhat greater than that of two to one. It is a

remarkable fact also that certain local symptoms, such as sclerodac-

tyle, are very rare in men.

By far the greater number of cases occur between twenty and forty

years of age. This statement, however, needs some qualification as

regards women, in whom the process tends to begin somewhat earlier

than in men, a relatively large number beginning before the age of

twenty years. Exceptionally in either sex, it begins before the age of

ten. A comparatively small number of cases appears between forty

and fifty and the number steadily diminishes as old age is approached.

This is especially true of men in whom cases of scleroderma beginning

after fifty are excessively rare. In Avomen, on the other hand, sclero-

derma after fifty, though infrequent, is much more often seen than in

men. Only three cases are on record as having begun after seventy.

Regarding race, it may be said that no nationality is exempt.

The greater number of the recorded cases are either of German or

French nationality, a much smaller ])i-o])ortion being either English

or American. In Italy and Sixain as well as in Slavic and other coun-
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tries the number of recorded cases is very small. In considering

these facts, however, we must remember that they are in part to be

explained by lack of recognition and lack of studj' of the disease in

many localities.

With regard to occupation, no definite statements can be made, al-

though now and then occupations accompanied by exposure to cold

appear to favor scleroderma. Heredity, on the other hand, plays ab-

solutely no role. This is also true of infectious diseases. Among
diseases which occasionally precede scleroderma and possibly bear

some etiological relation to the latter, we must mention functional

nervous troubles, more especially hysteria and neurasthenia.

While we are very much in the dark regarding the real nature of

scleroderma, it is well recognized that among the exciting causes

three factors play a more or less marked role. It is, for instance,

not an uncommon thing for the patient to attribute the onset of the

disease to fright or other sudden psychic shock. Again, it is not

uncommon for the disease to follow a severe trauma, as for instance

a severe blow upon the head ; it may be that here nervous shock is

again the real factor at work. In another group of cases we find the

disease attributed to exposure and to cold. All of these factors have

been present in cases studied by the writer. Thus in one patient the

scleroderma was attributed to the fright caused by a fire. In another

it followed a blow upon the head, the blow being of such force and

character as to produce a severe lacerated wound of the scalp over

the occiput and to be attended by unconsciousness. In a third case

again, the disease was attributed by the patient to the fact that she

had for years been in the habit of entering a small ice-house many
times a day; only those portions of the surface not protected by
clothing were involved, namely, the face and neck and the hands and

forearms as far as the elbows. Another patient attributed her dis-

ease to the fact that she persisted in washing clothes in the open air

during bitterly cold weather, and in this instance it was the face, neck,

forearms, hands, and feet which were involved. In a very large num-
ber of cases, however, no history of any exciting cause can be elicited.

Symptoms.

The symptomatology^ of scleroderma varies greatly not only with

the extent of the disease but also with the stage at which a given case

may be studied. We have present as the most prominent symptom a

change in the true skin. This change maj'^ be attended in its early

periods by an infiltration of the connective-tissue elements. The skin

under these circumstances may become indurated and hard or it may
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become miicli swollen and cedematous. On the other hand, infiltra-

tion may be absent or so slight as not to attract attention. In such

instances the changes are apparentlj^ at first those of simi)le and very

gradual atroph3^ In cases in which the skin has been first infiltrated

or oedematous atrojjhic changes also ensue at a later j)eriod, due in

all probability to the reab-

sorption of an exudate.

These difi"erences in the

mode of the involvement

of the skin suggest a

classification of cases con-

venient for purposes of

description. Thus we rec-

ognize first an oedematous

form; secondly an indu-

rated form, that is, a form

in which the skin without

being oedematous or swol-

len is merely indurated,

and thirdly aforni tvitJioid

infiltration. Scleroderma is

further separated clinically

according to the extent and

distribution of the symp-

toms. Thus we recognize

especially a diffuse and a

circumscribed form. It

may involve more or less

the entire bodj' or it may
be limited to definite areas. Sometimes it occurs in very small

patches. These small patches have been described by dermatologists

as a separate disease under the name of morphoea, but there is every

reason for considering morphoea as identical with scleroderma.

In discussing the detailed symptomatology of scleroderma it will be

most convenient to consider first that of the diffuse form. As already

stated this may be either oedematous, indurated, or non-indurated.

If the case be one in which oedema is present in the early stage, we
will notice that the skin of some i^ortion of the body, more frequently

of the hands, is slightly swollen and stiff. The patient, for instance,

will notice that a ring fits tighter upon the finger than before, and
soon the sense of constriction may be so great as to lead the wearer

to remove the ring altogether. Then as a rule the patient realizes

for the first time that the fingers and hands are distinctly swollen.

Fig. 54.—Diffuse .Scleroderma. .Stage of infiltration

.
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The swelling may extend slightly above the wrists or to a variable

extent up the forearm and arm. At the same time it is noticed also

that the face is slightly swollen. The oedema of the face is very

different, however, from that which is noted in Bright' s disease, the

swelling being decidedly more resistant. Little by little this oedema

becomes more marked, more widely diffuse, and gradually approaches

in character an induration so that the skin feels hard and firm. Mo-
tion then becomes slightly interfered with at the joints, more espe-

cially in the fingers and hands. Although this form is termed

cedematous because of the decided swelling of the skin, it requires

as a rule firm and jDersistent pressure to cause the swelling to dis-

perse, and even then well-marked pitting can only with difficulty be

produced. As the infiltration becomes more marked the face be-

comes rounded and more or less distended and the features ob-

tunded. The feel of the skin is characteristic during the height of

the swelling, being so tense and firm that it is not possible to gather

it into folds. It has evidently lost its elasticity and to some ex-

tent even its mobility over the subjacent tissues. The diffuse

swelling, as already stated, may involve the entire trunk as well as

the arms and legs. Occasionall}^, though rarely, it is found that

in some one area the infiltration is more marked than elsewhere.

Thus in a case studied by the writer, while diffuse infiltration was

found all over the body, a special mass or swelling existed over the

anterior aspect of the thigh just above the knee, and this swelling

pitted slightly upon pressure. During the height of the infiltration

the patient's face may bear a su^Derficial resemblance to that of one

with myxoedema, but the examination of the swelling by the finger at

once dispels the illusion. In myxoedema the skin feels soft and almost

jelly-like. In scleroderma it is more or less hard and resistant. The
characteristic changes, too, noted in the hair in myxoedema and the

broadening of the fingers and nails are also absent in scleroderma. In

color the skin is whiter than normal, the flesh tints being absent. Some-

times it is so white as to resemble marble. Later on, as the infiltration

persists, various pigmentations of the skin may appear. Brownish or

yellowish patches, small or widely diffused, may make their appearance

over the chest, abdomen, buttocks, back, or arms ; more rarely upon

the face. Sometimes this pigmentation is very extensive and may as-

sume a gray, greenish, or reddish hue. In one of the writer's cases

it was very marked upon the abdomen, the latter being of an almost

uniform greenish-brown tinge. In other cases again the pigmenta-

tion is very slight and may be limited to oval or rounded patches of

violaceous coloration in the axillee and groins.

At the time that these changes are taking place in the skin, pam
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is often noted in the joints. This pain bears no relation to tlie degree

of infiltration of tlie sniTounding skin. It resembles in character the

pain of ordinary rheumatism. It is as a rule made worse by move-
ment. More or less marked neuralgic pains may also make their

appearance. At times they are limited to definite nerve trunks.

Fig. 55.—Scleroderma. Stage of atrophy and sclerodactyle.

These symptoms of pain may and frequently do persist throughout

the entire course of the afi'ection.

After the swelling has persisted for a number of months, possibly

for a year and even longer, it is observed that the degree of inJBltra-

tion of the skin becomes less. Little by little the swelling of the

features becomes less pronounced, the cheeks become slightly flat-

tened, and the nose slightly sharpened, and at the same time that

these changes are apparent in the face, similar ones are noticed over

the trunk and limbs. In other words, after the stage of infiltration

and oedema has persisted for some time a stage of resolution or, as

commonly expressed, of atrophy sets in. Gradually the swollen and

distended skin becomes less and less indurated, but as it does so it
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tends to contract and in this way produce characteristic changes in

the features and other portions of the body. If atroi)hic changes

become iDronouuced, the skin is tightly drawn over the features,

which acquire a mask-like expression. In well-marked cases the fea-

tures are so stiff and leather-like that a change of expression on the

part of the patient is almost impossible. Indeed, frequently the

patient can open the mouth only with difficulty, rarely to the full

extent. The sharpening and narrowing of the nose already noted

become more and more pronounced until its shape is much changed.

The mouth becomes drawn so as to look more or less puckered. The
ears also may show signs of shrinkage and distortion. The chin,

too, may become sharpened very much as is the nose. The eyes

are apt to present a curious appearance due to the narrowing of the

palpebral fissures. In some instances, however, the palpebral fis-

sures may be wider than usual, the patient being unable to entirely

close the eyes. The changes noted in the skin of the face are also

noted elsewhere, and soon the patient finds that the movements of the

arms and legs are much restricted. Thus the arms cannot be raised

as easily or abducted from the body as freely as before. Flexion and
extension also become somewhat limited. If the scleroderma has

involved the legs the atrophic changes produce more or less interfer-

ence with movement in walking. The stride may be much shortened,

movement at the knee and ankle joints may become much restricted,

and the entire limb on either side may be stiffened and rigid. Under
these circumstances a patient may be unable to mount a stairway or

may do so with great difficulty or perhaps only by using one foot at

a time. Any attempt to extend the limbs beyond the limit to which

they are voluntarily moved by the patient produces pain. At this

stage of the disease the patient also complains of more or less marked

sense of tightness and constriction about the face, limbs, and joints.

It is in the hands, however, that the most interesting changes

occur. In by far the larger number of cases of scleroderma occurring

in men the hands and feet escape, but this is not true of women. In

women the infiltration or atrophic change in the skin is accompanied

by more or less marked fixation of the fingers and thumbs. As a

rule the fingers are fixed in a jiosition of semiflexion. Sometimes

they are markedly contracted; at other times, again, they are gro-

tesquely distorted. As a rule the skin at this stage feels hard and

dense. In color it is white and to the touch it is very cold. Indeed the

hand often looks and feels very much like the hand of a marble statue,

but the color may vary from time to time, being sometimes slightly

more tinted with pink. Pigmentation also may be noted, more espe-

cially about the finger tips and nails. At times, especially after ex-
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posiire to cold, the fingers may become cyanosed, the condition then

suggesting Raynaud's disease. Scleroderma of the hands with its

attendant fixation and contracture is termed technically sclerodactyle.

As already stated, it occurs almost exclusively in women; two exceed-

ingly well-marked cases, however, have been observed by the writer

in men.

As the sclerodactyle becomes more and more pronounced the fin-

gers begin to lose their full and rounded contour. They become at

Fig. 56.—From a case of Scleroderma, showing the Hand in Sclerodactyle.

times ijointed, owing to the absorption and shrinkage of the pulp of

the tips of the fingers ; at other times they become somewhat club-

shaped. At times, also, marked atrophic changes take place in the

bones. Sometimes entire phalanges of the fingers may be destroyed.

Frequently it is one or more of the distal phalanges that suffer,

though at times it is the proximal phalanx or the middle phalanx

that disappears. If it is the distal, it is apt to be accompanied with

permanent destruction of the nail and matrix and shortening of the

fingers. The skin gradually becomes more and more tightly drawn
over the knuckles and over the phalangeal joints so that the latter can

almost be studied through the atrophied skin. That the nutrition of

such a skin should be excessively low can be readily understood.

Slight blows upon the knuckles are apt to cause sloughing and per-

sistent ulceration, conditions which disappear or heal with very great

difficulty.

Just as infiltration and fixation of the hand and fingers may take

place, so infiltration of the foot and toes may occur. Fixation, distor-

tion, or contracture may be observed in them just as in the hands.
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As in the case of the hands, the feet are as white as marble and the

toes are rigid. Pigmentation appears to be somewhat less common
than in the hands.

While these changes are taking place in the skin various changes

may occur elsewhere. Thus, in addition to the pigmentation already

mentioned, patches of erythema may make their aj^ijearance in vari-

ous situations, remain for a time, and again disappear. So, also,

telangiectatic patches may occur upon various portions of the body,

more especially upon the face. In these telangiectatic i)atches, di-

lated small blood-vessels can, as a rule, be readily distinguished, and

the face may look reddened and the skin irritated and angry. As a

rule patches of telangiectasis come and go very much as do the patches

of erythema. In other instances, however, they become more or less

permanent, thus adding to the unsightliness of the face.

Occasionally ulcers make their appearance. These may be situ-

ated in various parts of the body. Sometimes, as in a case observed

by the writer in which an ulcer formed over the right occipital

region, the lesion is accompanied by excessive neuralgia. Sometimes

an intense burning pain is felt in the ulcer itself. These pains

are as a rule controlled with great difficulty. The ulcers themselves

heal very slowly. In some cases small vesicles may make their

appearance; in others pustules are noted. Sometimes, again, ap-

pearances resembling urticaria are seen; at other times patches re-

sembling ecchymoses. Other trophic changes have also been noted,

as, for instance, herpes zoster. Changes have also been observed in

the hair; sometimes the hair of the scalp becomes thin or dry and

brittle; sometimes circumscribed loss of hair takes place. In the

nails changes may also be noted; these structures may become

ridged, thin or thickened, and sometimes brittle.

One of the most striking changes observed in the atrophic proc-

esses of scleroderma is the loss of subcutaneous fat, and this may
add greatly to the change observed in the countenance. As a rule

the fat is lost above and below the zygomatic arch and above and

below the clavicle, and the patient may appear excessively thin and

emaciated. The loss of fatty tissue frequently involves the entire

body so that the arms and legs partake of the same wasted aj^pear-

ance as does the face and neck. The trunk also may seem exces-

sively emaciated so that merely a thin atrophic skin is interposed

between the finger and the ribs. Further, contractures may steadily

progress until marked fixation takes place in various portions of the

body ; thus the movement of the neck may become much impaired,

the power of flexing the trunk may be very largely lost, while the

fixation of the limbs may become so marked that it is impossible for

Vol. XL—34
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the patient to walk, to dress, or even to feed himself. A patient may
remain in this condition not onlj' for months but for many years,

or death may ensue due to some intercurrent affection. Sometimes

the difficulty in taking and assimilating food becomes so great that

the patient succumbs to a gradual process of inanition. In other

cases it is a bronchitis which is the cause of death, the chest walla

being so fixed that free expectoration becomes impossible. Other

causes, such as pneumonia, intercurrent heart or lung affection, or ac-

cidental sepsis through the infection of a trophic lesion may terminate

the case. The fixation of the joints is not entirely dependent upon
the degree of change in the overlying skin. In fact there is some-

times marked interference with movement when the degree of change

in the skin is very slight. For instance, in a patient under the care

of the writer the fixation of the jaw is so marked that the teeth can-

not be separated by a greater interval than an eighth of an inch, yet

the skin of the face and cheeks is quite movable.

It must not be inferred from the description given that sclero-

derma is a disease which necessarily pursues the above course. It

may be spontaneously arrested in any stage. Again, resolution may
be so marked and so complete that the skin assumes a practically

normal condition and in such instances true recovery may be stated

to have taken place. In an analysis made by Lewin and Heller

of two hundred and fifty-one cases, forty, or a little less than one-

sixth, recovered ; in seventy-five improvement was noted ; no change

or increase of the disease was noted in seventy-four, and in sixty-two

death occurred.

In the indurated form of the disease, that is in which there is

merely a board-like induration of the skin without true swelling, the

progress is in every other respect identical with that of the oedema-

tous form, fixation, contractures, and the various trophic changes

which we have already described taking place. In the third form,

namely, in which there is neither oedema nor induration, the skin

passes spontaneously into the condition of contracture and fixation.

It is probable, however, that even in this instance some infiltration

precedes the atrophic change because more or less hardening of the

skin is noted in the areas which are contracted; otherwise the symp-
toms pursue a course in every way similar to that above described.

At various stages in the course of scleroderma nervous symptoms
may be noted. We have purposely avoided their mention for fear of

confusing the clinical picture. It will suffice to say that nervous

I)henomena of one kind or another are almost invariably present. It

is true, however, that tliey vary greatly in character,—that they are

alike in no two cases. Thus we may find hypochondriasis, hysteria,
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mental depression, melancholia, and even mental impairment; or we
may find more positive symptoms, sueli as insomnia, giddiness,

headache, and neuralgia. Pains referable not only to the joints but

also to various nerve trunks and closely resembling neuritis may be

observed. In other cases, again, chorea, tremor, ataxic movements,

spasms of muscles, fibrillary twitching, or local paresis may be noted.

Sometimes, again, symptoms suggesting intracranial lesion, such as

inequality of the pupils, may be present. In very many cases, again,

the patient complains of disturbances of sensation, such as parses-

thesia. Only rarely has anaesthesia been noted. A sense of tightness

and constriction independent of the condition of the skin has also

been observed. The great variety of the nervous phenomena would
indicate that they are of an unessential character, and yet the fact that

nervous symptoms of one kind or another, although limited in num-
ber, are usually present, indicates that the nervous system is more
or less involved in this curious disease. As showing the inconstant

character of the nervous phenomena, we need but refer to the re-

flexes as exemplified in the knee jerks, which may be normal, ex-

aggerated, or diminished.

In addition to the various phenomena presented by the skin and
the various symptoms indicative of nervous derangement, special

symptoms may be present referable to the digestive tract, the circu-

latory apparatus, the kidneys, and more rarely to the lungs. Thus
it is not an uncommon experience to meet with more or less marked
gastro-intestinal atony. Occasionally a gastric catarrh is met with.

Frequently a tendency to diarrhoea is observed. At times diarrhoea

comes on in sudden attacks and may be quite profuse. It is appar-

ently not related to the character of the food that is taken or to such

extraneous circumstances as the taking of cold. It appears to be a

diarrhoea of nervous origin.

On the side of the circulation, we occasionally note increased

rapidity of the pulse and sometimes well-marked attacks of cardiac

palpitation; pericarditis, though rarely, has also been observed. It

is difficult to assign to these symptoms their proper value. It would

seem almost as if they were due to some incidental affection. As re-

gards the urine, interesting facts are occasionally recorded. Slight

albuminuria, glycosuria, and phosphaturia have been noted in a few

instances. These conditions, like the heart changes just alluded to,

are evidently without clear significance, especially as in the large

majority of cases albuminuria and glycosuria are not observed.

Phosphaturia appears to be more frequent than either of the other

conditions. An interesting symptom which was first observed bj^

M. Kohn, is that of a diminution in the output of urea. This obser-
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vation has been confirmed by the writer, who determined a very de-

cided diminution in the output of urea in two cases. In one instance

less than two hundred and seventy -five grains were excreted dail}^

and in the other less than two hundred grains. It should be stated,

however, that both of these cases were in an advanced atrophic state

of the disease, and, irrespective of special pathological conditions,

we must be careful not to attach too much importance to these find-

ings, for the influence of food, of exercise, and of other factors in-

fluencing tissue metabolism must be taken into account. We must

remember that patients in the advanced or atrophic stage of the dis-

ease consume but little nourishment, take almost no exercise, while

the general body weight is also much diminished. In a case studied

by the writer in the early or oedematous stage of the disease, the out-

put of urea was found to be somewhat increased instead of di-

minished. In two cases the phosphates were found to be in excess

;

in another they were about normal in amount. In none of the cases

was the uric acid appreciably changed in quantity.

The amount of urine appears to be frequently diminished, espe-

cially in the advanced stages of the affection. Several times irri-

tability of the bladder has been noted, leading to markedly increased

frequency of micturition.

Such phenomena as are presented by the function of respiration

appear to depend upon the rigidity of the skin and muscles of the

chest. Thus dyspnoea has been noted in a number of cases, as has

also diminished lung capacity. That i)hthisis should have been

noted under these circumstances would of course not appear surpris-

ing, and yet such a complication is exceedingly rare. The examina-

tion of the blood occasionally^ reveals interesting findings. In a

series of examinations made by Dr. A. E. Taylor in two cases of

the writer, the leucocytes taken as a whole were much in excess. In

one of the cases albumose, a substance not before detected in the

blood in scleroderma, was discovered. In another instance peptone

was found in the urine. Oro found an increase of eosinophile cells.

This was not observed in the cases studied by Heller. Franke, again,

noted a small increase in the eosinojihile cells. The observations

thus far made are of course insufficient to enable us to draw conclu-

sions in regard to the blood changes. Such changes as have been

noted simply indicate some gross derangement of nutrition—of tis-

sue metabolism. Tliis, for instance, must be the significance of the

presence of albumose, to which, however, no special significance can

be attached as the observation stands alone.

On the part of the lympliatic system it is interesting to observe

that occasionally the lymjjhatic glands are found somewhat enlarged.
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Symptoms referable to the special senses are, as a rule, not present.

Neitlier vision, hearing, taste, nor smell is interfered with. Very
rarely, as has been already stated, disturbances of cutaneous sensi-

bility are observed. These consist of numbness, various parsesthe-

sise, formication, itching, or more or less diminution of sensation.

Very rarely true anaesthesia is found. The peripheral nerves are not

specially involved save, as already stated, in the form of neuralgia or

neuritic pains. Very rarely, however, a local palsy is observed.

Thus Westphal, also Paulowski, noted facial paralysis. Inequality of

the pujjils, which has been already mentioned, was noted by Hertzog.

A close study of well-marked cases of diffuse scleroderma soon

convinces the observer that the skin is not the only structure affected.

The loss of the superficial fat enables one in man}^ cases to feel the

subdermal structures with considerable accuracy. It is frequently

found that these are more resistant to the feel than they should be.

As has been already stated, the impairment of motion in certain joints

frequently bears no definite relation to the degree of the involvement

of the superjacent skin. The conviction forces itself upon one that the

same process which is instrumental in bringing about the induration

and contracture in the skin is also instrumental in bringing about

induration in other structures, as, for example, in the connective tis-

sue about the joints, the deep fascia, the tendons, and the muscles.

This involvement of tendons and muscles has been observed by Ball,

Thibierge, Kiihler, and by the writer, and has been demonstrated

pathologically by FouUerton. Muscular atrophy, apparently from

disuse, has also been occasionally observed. Sometimes special

groups of muscles are involved; thus Thibierge found the biceps,

supinator longus, and sternomastoid converted into hard cords. Sim-

ilar changes have been noted hy Lewin in the sternomastoid and by
Leflaive in the pectoralis major. Contractures of tendons have also

been observed by Hall and by Sympson.

Instead of being evenly diffused over various portions of the face,

neck, limbs, and trunk the sclerotic process may, as already stated, be

accentuated in, or limited to certain areas. Indeed, diffuse universal

scleroderma is relatively infrequent and occurs, according to Lewin

and Heller, in about fifteen per cent, of the cases. Regarding the

frequency with which different portions of the body are affected with

scleroderma, it would appear that the upper extremities suffer most

frequently of all, next the trunk, then the face and head, while the

lower extremities suffer least. Yerj rarely certain peculiarities of

location are noted ; thus in two cases the sclerodermatous process was

limited to one-half of the body. Again, in a few cases the affection

was found localized upon the flexor surfaces of the limbs, in others
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upon the extensor surfaces. It ma^' here be noted tliat tlie palmar

and plantar surfaces are affected with the greatest rarity. Such in-

duration has, however, been noted by N. Moore and also by the

writer.

Very rarely the sclerotic x^rocess involves the mucous membrane
of the mouth, of the tongue, of the gums, and even of the vagina,

though as regards the latter it should be stated that scleroderma of

the genitals either in the male or female is excessively rare. As re-

gards the more limited forms of scleroderma, that is those in which

the process occurs in strips or patches of variable shapes and dimen-

sions, it is necessary to state that they may or may not follow certain

nerve trunks in their distribution. The number of cases in which

such a relation to either a sensory, a motor, or a mixed nerve is ap-

parent, is outweighed by an equal or even larger number of cases in

which no such relation can be discerned. That, however, in certain

cases there is a very close relation between the sclerodermatous proc-

ess and certain nerve trunks cannot be denied. Thus the process is

noted now and then in close relation with the various branches of the

trigeminus. At other times it has been noted to follow closely the

distributions of one or more intercostal nerves. In one case it fol-

lowed closely the course and distribution of the sciatic. To mul-

tiply these instances is unnecessary. They are sufficient to indicate

the very important, though apparently erratic, role played by the

nervous system. As already stated, the cases of limited scleroderma,

in which no relation can be demonstrated with nerve trunks, fully

outweigh those in which such a relationship is clear and undeniable,

and if the nervous system plays a role in the production of these

forms, the seat of the lesion must be referred to the nervous centres

rather than to the nerve trunks.

The circumscribed forms of scleroderma present features similar

to those of the diffuse form, save that the skin changes are limited

to certain areas. General symptoms are much less pronounced, al-

though tingling, neuralgic pains, hypersesthesia, or other signs in-

dicative of nervous involvement may be present. The patches vary

greatly in size and in shape. Thus they may be so small as to be
readily covered by the tip of the finger or so large that they can with

difficulty be covered by the hand. The patch may be irregularly

elongated, rounded, hyperoemic, purplish, or violaceous in color. All

shades of pigmentation may be present. At other times no trace of

pigmentation can be seen, the surface being absolutely white. The
I)atcli m-a\- sometimes have a waxy, at other times an ivory appearance.

Sometimes it is smooth and shiuiug, at other times dull in appear-

ance. Not infrequently it is discolored by yellowish patches of dead



SCLERODERMA. 535

epidermis. At an early stage it may be slightly elevated, but later

during the atrophic i^eriod it may be either on a level with the sur-

rounding skin or slightly depressed. It may become excessively

thin and contracted or may present the appearance of parchment.

In some cases the patches present the appearance of elongated de-

pressed cicatrices.

Morbid Anatomy,

When we come to analyze the post-mortem findings, we find,

first, as to distribution that the changes are by no means limited

to the skin and subcutaneous tissue. As we have already seen,

changes in the joints and in the tissues about them can be inferred

from many of the clinical phenomena, and is well shown in Eoent-

gen pictures. That changes in the joints occur, particularly about

the hands, has been demonstrated more especially by Legrange, who
observed in sclerodactyle union of apposed joint surfaces by fibrous

tissues, loss of articular cartilage and calcareous deposits in the

fibrous tissues about the joints. Similar joint changes were also

noted in the case studied by Yerneuil and Mirault, in which short

fibrous bands extended between the apposed joint surfaces, and in

which there had been destruction of synovial membrane. Changes
in the bones, at least of the fingers, are also at times to be in-

ferred from the clinical findings. Actual examination of the tissues

has revealed in the hands of Wolters an interstitial inflammation of

the bone, while Lagrange describes a disseminated inflammation

affecting periosteum, bones, and joints. Changes have also been

noted in the muscles and other tissues. FouUerton, who examined
the amputated leg of a case of scleroderma, infers from the wide-

spread character of the change that scleroderma is primarily a dis-

ease of genetically related groups of tissues of mesoblastic origin;

that is, of the derma, the subcutaneous tissue, the muscle fibres, and
the fibrous capsules of the joints. Yaried changes have infrequently

been noted in tissues other than those here mentioned. They appear

to be without special significance, and have been noted in the lungs,

the heart, the liver, the peritoneum, the kiduej^s, the spleen, the in-

testine, and the aorta. Cardiac changes seem to have been noted

rather more frequently than others. Thus out of twentj^-eight cases

collected by Lewin and Heller some change, such as hypertrophy,

degeneration, mj^ocarditis, or pericarditis were noted in fourteen cases.

The result of the microscopical examination of the skin in sclero-

derma is well known, and consists of an increase of the connective-

tissue elements, together with sclerotic or inflammatory changes in

the blood-vessels. That similar changes take place in other tissues
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is not only probable, but evident from the examinations which have

thus far been made. It is, however, extremely doubtful whether this

affection can be considered primarily as a sclerosis. Certainly the

phenomena presented by cases in which we have a recurring, or even

a shifting infiltration, and which sometimes pits or yields upon per-

sistent pressure, shows that we have every reason to believe that the

changes found in the tissues microscopically are terminal changes.

The clinical phenomena certainly justify the inference that primarily

the connective tissue is infiltrated, swollen, or enlarged. The single

fact that the infiltration may vary considerably from time to time,

that at times the skin is soft and flexible, and at others densely infil-

trated, shows that some variable or changing process not consistent

with that of a primary sclerosis is at work. That a change does take

place in the connective tissue other than a primary sclerosis is also

held by Lewin and Heller, who regard it as very conceivable that the

enlargement of the individual fibres of connective tissue depends upon

their infiltration with an albuminoid substance—a saturation with

some coagulable material. Unna holds that the changes are pri-

marily in the connective tissue and especially in its intercellular or

ground substance.

A view that presents itself as plausible is that the primary change

in scleroderma is an increase or chemical modification of the collagen

of the skin and subjacent tissues. Certainlj^ the initial change ap-

pears to be a swelling and infiltration of the collagenic tissues. We
have here a certain analogy between this disease and myxoedema.

That myxoedema is accompa.nied by connective-tissue changes, and

that there is also an infiltration of the connective tissue with mucin,

a substance normally present in the intercellular or ground substance,

is well known, and it would seem that just as in myxoedema there is

an increase of the intercellular mucin, so we have in scleroderma an

increase of the collagen or some as yet unknown chemical modifica-

tion of this substance, which increases the bulk of the tissues con-

taining it. That, however, these changes differ radically from the

changes in myxoedema is shown not only by a microscopic examina-

tion of the skin, by the symptomatology and by the clinical history,

but also in the difference following the administration of the thyroid

extract. In four cases collected by Lewin and Heller no improvement
followed the administration of this remedy, so powerful in myx-
oedema.

Whether or not the change in the connective-tissue elements is

dependent upon the faulty action of some ductless gland, as is tlie

case in myxfjedema, must, for the jjresent at least, remain a matter for

speculation.
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The theory that the disease is a vasomotor neurosis explains

nothing. It merely states in a vague way that there is some relation

between the changes in the skin and the condition of the central ner-

vous system. That, however, some special as yet unknown con-

dition exists independent of the nervous system is proven by the

various facts of etiology. Thus a severe physical shock to the ner-

vous system appears to be a frequent exciting cause. Evidently, how-
ever, such a cause cannot be the real factor at work, for in such case

scleroderma, instead of being a rare affection, would be an exceedingly

common one. It would be as common, indeed, as traumatic neuras-

thenia. The same is true of psychic shock. Certainly scleroderma

must be looked upon as among the rarest of the sequelae of psychic

shock, and so it is with the cases which follow exposure to cold. If

cold were a potential factor in the production of scleroderma, how
common an affection it would be ! Every winter, every climate, every

avocation in which exposure to cold was attendant, would bring with

it a history of scleroderma. Such a relation, it is needless to say,

does not exist. Other causes which are everj^ now and then assigned,

such as muscular overexertion, severe labor, menstrual disturbances,

pre-existing infectious diseases, need only to be mentioned to show
how rare they must be. The findings as regards the urine and the

blood have already been dwelt upon and do not appear to be esi)e-

cially significant. As already stated, in one case studied by the

writer in the oedematous stage an excess of waste products was being

eliminated, while in another studied in the atrophic stage the waste

products were enormously diminished. Especially was this true of

the urea. The increase in the leucocytes occasionally observed in the

blood has a general significance only, as has the presence of albu-

moses.

Diagnosis.

The diagnosis of scleroderma rarely presents any difficulties. In
the diffuse form attended with oedema, a superficial resemblance to

myxoedema is perhaps suggested. However, the marked difference

in the character of the infiltration, which in scleroderma is resistant

and in myxoedema is soft and yielding, would enable us to distin-

guish between the two affections. Further, the countenance, in spite

of the swelling, is entirely different in the two affections. In myx-
oedema the patient presents a sleepy, puff}" look, while the face has

the appearance of a full moon. In scleroderma the face has a mask-
like expression in which there is no trace of somnolence. In myx-
oedema also the hands become broadened and the fingers thickened,

sausage-shaped, or clubbed. In scleroderma the hands either remain
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unaffected or present sooner or later tlie condition above described

as sclerodactyle which is so characteristic as not to permit of error.

In myxoedema also, the hair becomes thin and brittle. This is not

the case or very rarely the case in scleroderma. In the atrophic

period of diffuse scleroderma, as we have seen, the countenance be-

comes so changed as to be pathognomonic, and confusion with myx-

oedema or other affections is impossible. The circumscribed forms

of scleroderma also present little or no difficulty, and for the facts

necessary to diagnosis the reader is referred to the section on symp-

tomatology. There is but one affection with which it could be con-

founded and this is progressive facial hemiatrophy. The symp-

toms presented by the latter disease so closely resemble those of

scleroderma circumscripta that many physicians regard them as

being the same disease. The disease generally begins in the distri-

bution of the trifacial nerve. As a rule a whitish patch is noted over

the cheek or over the lower jaw or near the zygomatic process. The
patch feels hard and seems to have lost its elasticity. Gradually it

becomes firmer, more dense, and begins to sink below the general

level of the surrounding skin. Soon a pit or depression is formed

which is quite marked. Gradually the subjacent tissues, muscles, and

bones become atrophied, apparently because of the pressure of the

hardened and contracting skin above. The reader will observe that

the differentiation between scleroderma and hemifacial atrophy is not

by any means clear' and that after all hemiatrophy may be a circum-

scribed form of scleroderma. From what, however, is known of hemi-

facial atrophy it appears to depend upon some perverted or defective

action of trophic fibres in the trigeminal nerve, and there would ap-

pear to be a closer relation to nerve distribution in this instance than

is observed ordinarily in scleroderma.

Prognosis.

As already stated, scleroderma either terminates in recovery or

imjjrovement, or it progressively increases in severitj^ until death.

The relative frequency of these results has also been stated above

(p. 530). It is impossible in given cases to predict which of these

results will ensue. Gradual softening and resolution, together with

improvement in the general bodily condition, are to be regarded as

of good omen. Rapid disappearance of induration is to be regarded

perhaps with apprehension, inasmuch as we are aware that it may
lead to excessive atrophy of skin and perhaps to destruction of sub-

jacent tissues. Data for accurate prognosis are not present in any
case. The prognosis of sclerodactyle is almost always unfavorable.
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It should, however, be borne iu miud that cases in a very early stage

may undergo spontaneous recovery, but that if the parts have been
more or less fixed for a long time recovery is practically impossible.

Sclerodactyle must be regarded as largely a terminal condition.

Treatment.

Every plan of treatment presupposes some special knowledge of

the pathology of the affection with which we have to deal. In sclero-

derma, however, as we have seen, definite pathological data are still

wanting and we are forced to rely upon general measures. Occasion-

ally definite good seems to ensue upon the proper application of the

latter. Thus massage and passive movements seem at times to assist

in the resolution of the infiltration and in preventing the fixation of

parts. That they do good in many cases there can be no doubt. In
others, however, especially if the measures be applied too vigorously,

they seem to do harm. Hydrotherapy has also been employed but

with distinctly less benefit than massage. General tonic remedies are

also indicated. The diet and digestive tract also should be carefully

watched. As a rule patients suffering from scleroderma, especially

of the diffuse form, do better upon a diet which is plain and unstim-

ulating and to which milk has largely been added. According to the

case, also, various forms of exercise should be instituted and the re-

stricted motions of the various joints restored as much as possible.

We should also take the hint afforded by the quantitative examina-

tion of the urine, namely, that the output of waste products is de-

fective, and should give liquids in relatively large amounts so as to

promote their excretion by the kidneys. Thyroid extract which is

so potent in myxoedema, appears to be of little value in scleroderma.

In some cases, however, it has been given with apparent benefit, es-

pecially in the early or oedematous stage, but it is probable that this

apparent benefit is the result not so much of the action of the thy-

roidin uj)on the infiltration as of the atrophy of the subcutaneous fat.

In four cases collected by Lewin and Heller no benefit followed the

use of the thyroidin. We should remember, also, that the remedj^ is

capable of great harm—that by reason of its destructive action on fatty

tissue it may hasten and favor to a dangerous degree the progressive

emaciation of the patient. It is furthermore to be borne in mind
that thyroid extract is a powerful febrifacient, especially if used in

large doses. If we give thyroidin at all we should give it in small

doses and should carefully study the temperature of the patient, and

at the first indication of fever the drug should be withdrawn.

The treatment of the special symptoms must be based upon gen-

eral principles. The neuralgic pains should be controlled so far as
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possible by the coal-tar derivatives; morphine should only excep-

tionally be used. The joint pains when present appear to be favor-

ably influenced by the salicylates and by piperazin. Should painful

ulcers make their appearance they should be treated by sedative ap-

plications and, if necessary, by the local use of cocaine. Large ulcers

are, as we have already indicated, very infrequent. Much more

common are slight ulcers about the joints of the fingers in cases

of sclerodactyle. These lesions which are evidently trophic in char-

acter, heal with great difficulty, even under antiseptic precautions.

The writer has, however, had considerable success in the treatment of

the ulcers by saturating their surfaces with bovinine or by apply-

ing j)ledgets of cotton wet with this preparation. After a longer or

shorter period granulations appear and soon reach the general level

of the skin, when an epithelial covering is formed and nothing but a

small white patch finally remains to indicate the former presence of

the ulcer.

All measures which tend to increase the body weight also favor

improvement, and in cases in which the disease appears to have come

to a standstill a modified form of rest treatment may be instituted.

As stated in the section on symptomatology, the weight of the patient

is as a rule far below normal. It is noticeable that an increase of

weight is followed by a marked improvement in the skin and other

surface structures. This is shown especially by a more luxuriant

growth of the hair and in a more rapid growth and healthier appear-

ance of the nails.

In many cases no matter what measures we institute, the disease

steadily progresses, joint after joint may become fixed and distorted

until finally the patient is utterly unable to attend to his personal

wants. These results may follow even if massage and passive or

active movements have been faithfully persisted in.

ACROMEGALY.

Acromegaly is a disease which, as the name implies, presents as

its principal symptom an enlargement of the ends or extremities of

the body. It was first described by P. Marie in 1886 and it is con-

sequently also known as Marie's disease. Von Eecklinghauseu has

proposed the term pacliyachrie—thickness of the ends of the body

—

but this has not come into general use. Acromegaly is a chronic

afi"ection, in which especially the hands, the feet, the face, and the head

become greatly enlarged. Tlie enlargement is not, however, limited

to the extremities, but involves to various degrees other portions of

the bodv as well.
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Since Marie's original description appeared, numerous cases have

been reported and various articles have been written on the subject.

The most important, however, are an exhaustive treatise upon the

affection by Souza-Leite in 1890, an exceedingly valuable article by

Dr. Joseph Collins of New York in The Journal of Nervous and Men-

tal Disease, December, 1892, and January, 1893, and an able sum-

mary by Osborne in the " Reference Handbook of the Medical Sci-

ences, "Vol. IX., 1893.

Etiology.

Nothing special is known regarding the etiology of acromegaly.

In the first place it may be stated that heredity plays no role what-

ever, nor can any other element be traced in the family history. For

instance, the writer has studied cases of well-marked acromegaly

occurring in families in which the other members were absolutely

normal and in which no nervous or mental disease can be traced. It

is not uncommon for the brothers or sisters of an acromegalic patient

to be small-limbed and small-boned, so that the patient's appearance

is strikingly different from that of the rest of the family. As regards

sex it is evident from the facts at our command that the disease

occurs equally among males and females. It may also occur in any

race, no race being exempt. It usually begins in early adult life, the

majority of cases being discovered between twenty and forty years of

age. Sometimes, however, it is noted in early adolescence or shortly

after puberty. It is said, indeed, even to occur in infancy. Old age,

on the other hand, is not exempt. It has been known to develop

after sixty years of age. No congenital factors appear to play a part

in the evolution of acromegaly, nor do any of the diseases of child-

hood or adolescence. Indeed it may be stated that no facts of im-

portance relative to other diseases can be elicited from the personal

history. Thus infectious diseases, trauma, shock, and emotional dis-

turbances play no part in the evolution of this strange disease. It is

true that occasionally such an apocryphal cause as rheumatism or

malaria is assigned by the patient, but in reality these affections bear

no relation to acromegaly. In like manner as in other affections of

obscure origin, sach vague causes as overwork and exposure, hys-

teria, and alcoholism have been recorded as playing a role. As might

be expected it occasionally occurs along with other affections, but

these are so various that no connection between them and acromegaly

can be made out. Thus, it has been seen occurring with diseases of

the spinal cord, such as locomotor ataxia and syringomyelia, and also

with the various psychoses. Sometimes it has been noted along with

other diseases with which a possible relationship is at first sight sug-
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gested, such as elephantiasis, gigantism, and arthropathies, but no

definite relation can be shown to exist. In short no conclusions can

be drawn in the present state of our knowledge relative to the mode

of origin or primary causation of acromegah'.

Symptoms.

It is very difficult as a rule to fix the time of onset of the symp-

toms. The disease begins so gradually that frequently several years

Fig. r)".—Acromegaly Cfrom a photograph)

.

pass by without the affection being recognized. The friends of the

patient, if the increase in size of the face and hands attracts their

attention, are apt to imagine that he is of unusual physical develop-

ment, and, as was the case in one of the patients of the writer, that he

must be very strong. It frequently happens that the disease is not

discovered until some incidental symptom or intercurrent malady
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leads the patient to consult a pliysician. At other times the affection

is discovered merely by accident. Thus two cases described by the

writer were discovered by him on the street and had not presented

any symptoms suggesting medical care. While the appearance of

the acromegalic subject is often such as to suggest to the superficial

observer great strength (see Fig. 57) the first symptom noted is fre-

quently the great disparity between the size of the limbs and the

amount of strength revealed. We learn also that subjectively the

patient experiences a sense of weakness which is at times quite pro-

found, and this frequently leads to a general indisposition to exertion.

In a few recorded cases, however, it should be stated that strength

appears to have been somewhat increased.

In addition to the striking enlargement of the face and hands,

which are among the earliest facts to attract our attention, it is noted

that the attitude of the patient, in the well-developed disease, is

quite peculiar. He stands with the head thrown forwards and with

the chin slightly tilted upwards, while the back is " humped" by a

more or less marked cervicodorsal kyphosis. The shoulders are

rounded, while the arms, owing to the spinal curvature, are appar-

ently increased in length and often add strikinglj^ to the clinical jjic-

ture. Owing to the spinal curvature also, the stature becomes les-

sened—sometimes to a marked degree.

On seeing a case of acromegaly, as just stated, we are at once im-

pressed by the massiveness of the features and by the enormous size

of the hands and feet. We observe that the nose is very large and

that the chin projects to an unusual degree, that the cheek bones are

exceedingly high, that the supraorbital ridges are unusually promi-

nent, while the face as a whole has very unusual length and breadth.

In like manner we are impressed with the great breadth and unusual

thickness of the hands and fingers, and when we turn our attention to

the feet we find that they likewise are of excessive size. When we
question the patient he tells us that he has noted for a long time past

that his head, hands, and feet were growing larger. He may say that

he has constantly been required to buy larger hats, larger gloves, and

larger shoes, and yet this change is so gradual that the patient is as

a rule unable to fix a time, even approximately, when the disease

began to make its appearance. Valuable information can, however,

occasionally be obtained on this point from old photographs, and

frequently it is possible by this means to fix the ages between which

the enlargement first made its appearance. When the patient seeks

medical advice it is most frequently because of headache, which in

a large number of cases is a j)rominent symptom. It is apt to be

more or less constant and of increasing severity and suggests sooner
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or later headache of organic origin. It is most frequentlj^ frontal,

though with time it generalh^ becomes widely diffused. At times

instead of headache or occurring with it the patient suffers from

pains in the joints, or from curious parsesthesise, or from a sense

of weight and discomfort in the legs and arms. Not infrequently

among the early symptoms noted are disturbances of vision and

curious defects of the visual field. Any one of these symptoms may
cause the patient to consult a physician and thus lead to the dis-

covery of the disease.

When we inquire into the previous history of a case we are likely

to find it negative save possibly as to the progressive increase in the

size of hands and feet. In women, however, the disappearance of

the menses is noted and this is as a rule an early symptom. In men
diminution or loss of sexual power ma^^ be observed. Karely we ob-

tain a history of profuse and recurring epistaxis. More frequently

a history of somnolence is present and this may occur as a very pro-

nounced symptom, the somnolence extending over days and often

weeks.

Among interesting symptoms observed in the larger number of

cases of acromegaly are increased thirst and increased appetite.

Sometimes the amount of food consumed is very great, while thirst is

increased to such a degree as to suggest the thirst of diabetes. This

symptom often attracts the attention of the patient more forcibly than

the increase of appetite and he may mention the fact voluntarily. In

keeping with this increased thirst the amount of urine voided is

greatly increased, as is also the perspiration. This is apt to

be excessive, especially about the head and neck. In a very small

number of cases sugar has been found in the urine and in a still

smaller number albumin. These facts are, however, without special

significance.

When we examine the patient in detail we note that the nose is

massive, though as a rule it is not distorted. The increase in size

ajjpears to affect all of its tissues, the nasal bones, the nasal carti-

lages, and the soft parts; all are much thickened and the anterior

nares are wide and unusually cajjacious. The size of the lower jaw

is perhaps the second most striking feature. The body of the bone

appears to have grown greatly; it has evidently become broader and

thicker, especially the alveolar portion and the chin. The enlarge-

ment generally involves the rami less than the other portions,

although occasionally enlargement of the rami is also noted.

As might be inferred, the teeth of the lower jaw become displaced,

especially the incisors, which are carried forward so that in closing

the jaw the lower incisors are no longer overlapped by the upper in-
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cisors but project beyond them. Tlie space between tlie teeth is

often increased so that in advanced cases they seem to stud the gum
at intervals. Sometimes loss of the teeth ensues. The teeth are not

involved in the enlargement, though in a case described by Cenas

in which the disease apx^ears to have been congenital, the teeth also

were increased in size. The supraorbital ridges are, as already

stated, much thickened and very prominent, and this causes the fore-

head to appear low and retreating. The malar bones are exceedingly

prominent while the cheeks themselves are flattened and drawn. The
lips are invariably enlarged, especially the lower lip which is always

hypertrophied in excess of its fellow. It is much thickened and
sometimes everted. The nasolabial folds are often accentuated, giv-

ing an expression of grief to the patient. The skin of the forehead

and face is thickened and coarse and is often darkened. Other struc-

tures, such as the eyelids and ears, also usually partake in the gen-

eral increase in size. This is less noticeable as a rule of the eyelids

than of the ears, but the latter are sometimes strikingly enlarged and

this enlargement appears to be due not only to the hyi)ertrophy of the

skin but also to the cartilaginous structures. The upper jaw and the

other bones of the face do not as a rule take part in the enlargement

—at least they do so to a relatively small extent. In vaany cases, it

cannot be denied, the superior maxillary bone is enlarged, but this

enlargement is never in proportion to that of the lower jaw, the nose,

or the cheek bones. Sometimes the eyeballs are unusually promi-

nent as though they themselves were enlarged or as though the cavity

of the orbit had been diminished by overgrowth of bone. In other

cases, again, the eyes appear less prominent than normal. At times

they appear even retreating and deeply set, apparently because of the

increase in size of the supraorbital ridges, the malar bones, the

zygoma, and the nose.

Wlien we ask the patient to protrude his tongue we find that the

latter is also hypertrophied, sometimes enormously. It is exceed-

ingly broad and thick and this increase in size may give rise to a

certain awkwardness and clumsiness of speech, the latter becoming

somewhat slow and indistinct, especially as regards syllables in the

formation of which the tongue is especially concerned. The tongue

is rarely smooth, more frequently it is deeply furrowed. As a rule

it presents the indentation of the teeth. Hypertrophy of the half

arches and uvula may also be found. Even the epiglottis and the

larynx may be involved and in such cases the quality of the voice is

entirely changed, becoming coarse and of lower pitch. The neck

may be found thick and short, but more frequently it is dispropor-

tionately small. As already stated, it is bent more or less forwards

YoL. XL -35
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aud takes part iu tlie anterior curvature of tlie spine wliicli also in-

volves the dorsal region.

Wlien we turn our attention to the hands we note in the first place

that they are excessively^ broad and much thickened. Often they ap-

pear somewhat lengthened. In curious contrast with the enlarged

hands we frequently see, at least in the earlier periods of the disease,

the forearms comparatively small or even normal in size, though later

on these also may become massive (see Fig. 57) . As a rule, however,

the forearm is relatively small and the enlargement of the hands is

therefore the more striking. The joints of the hands are prominent,

the skin, subjacent connective tissue, and fat are excessively thickened.

On the palmar surface, the transverse lines are seen to be much accen-

tuated. The ulnar border of the hand is invariably somewhat more

hypertrophied than the other portions. The fingers are diffusely

and evenly enlarged and have for this reason been termed sausage-

shaped. The nails appear to partake in the enlargement to a less

degree than the other structures. Consequently they appear rela-

tively small. They are flat, longitudinally ridged or striated, and

frequently are brittle. The growth of the hair on the dorsal aspect

of the hand and fingers does not appear to be especially interfered

with. This is true also of the hair of the head and face. '\^^Len we

turn our attention to the feet, we find that they present features simi-

lar to those observed in the hands. Not only is the foot broader but

the toes are thickened, especially the great toe, while the heel pro-

jects backwards to an excessive degree, giving a negroid appearance

to the foot. The arch of the foot also is lost, the patient becoming

more or less flat-footed. The malleoli are much hypertrophied, and

the tendo Achillis is thickened and unusually prominent. The outer

edge of the foot, like the ulnar edge of the hand, is especially hj'^per-

trophied. The great toe also is more hypertrophied than are its

fellows. The skin, like the skin of the hands, is hypertrophied

and thickened. The nails are affected similarly to those of the

fingers.

If we examine in detail the trunk, we find as the most striking

anomaly presented, the cervicodorsal kyphosis already mentioned.

In addition to this kyphosis some scoliosis, rarely marked, may be

noted. In examining the spinous processes it is fre(iuently noted

that their ends are uiuTsually thickened and prominent.

The shoulder girdle also presents signs of involvement, the clavi-

cle is frerjuently much enlarged and thickened at its sternal end.

The examination may also disclose that the sternum is hypertrophied,

that it is much broader and more prominent than normal. Hy ])ertro-

phy may also be especially evident on examination of the xyphoid
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process. In shape the sternum is sometimes found distorted and ir-

regular, owing doubtless to irregularity in the hypertrophic process.

As would be expected, the ribs may also partake in the hypertrophy.

They are wide, evidently enlarged, while their costal cartilages feel

hard and inelastic. Sometimes their surface is irregular, numerous

nodosities being present. The chest as a whole is increased in size,

especially in the anteroposterior direction. Contrary to what we
would expect, the abdomen is not full and enlarged, but if anything

somewhat flattened. The hips may also present more or less marked
enlargement. The pelvis as a whole seems broader and the hip bones

are prominent. The pubis also is especially prominent, abnormally

high, and hj'-pertrophied.

Passing now to the arms we find that there is little or no change

noticeable in the shoulders, although in a few cases these have been

reported enlarged. The upper arm is small or merely normal in

size. The same statements are true, as a rule, regarding the forearm.

However, every now and then the elbow is much enlarged as is also

the lower third of the forearm. In other cases again, as has already

been said, the entire forearm is hypertrophied, the hypertrophy be-

ing most marked on the ulnar aspect. These changes are, however,

rather the exception than the rule. The thigh rarely, if ever, shows

enlargement save in the region of the condyles of the femur. The
same is true also of the leg ; although here the malleoli partake of

the general hypertrophy of the foot. The patella at times is much
enlarged.

Marked hypertrophy of the penis, of the labia majora, of the labia

minora, or of the clitoris may exist and in one of the cases of the

writer the testicles were enormously enlarged, attaining the size of

these glands in the sheep. The vagina also may be lengthened.

The station and posture of the patient have already been sufficiently

dwelt upon. The station betrays no increase of sway. The gait is

often lumbering and heavy. The movements of the arms and espe-

cially of the hands are clumsy and awkward. When we test the

patient's strength we find that he is relatively weak, the enlarged

hand is incapable of giving the powerful grip which its size would

suggest. This discrepancy becomes at once apparent and is in con-

sonance with the patient's statements of fatigue and incapacity for

exertion. The muscles of a part, for instance of the forearms, may
be, as we have seen, much enlarged and yet they are soft and com-

pressible. Tremor or fascicular twitching is, however, not noted.

The knee-jerks and other tendon reactions present no noticeable

change. The electrical reactions of the muscles are normal as are

also those of the nerves.
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When we examine the patient for sensory phenomena we find that

none are presented by the skin. Everywhere sensation is normal,

but while true anaesthesia is not present, small objects appear not to

be as readily recognized by the patient as in health. When we ex-

amine the special senses, interesting changes may be discovered.

Especially is this true of vision. Diminution of the visual fields, a

diminution which takes various forms, sometimes that of a bitem-

poral hemianopsia, is not infrequently present. At times, espe-

cially in advanced cases, absolute blindness is noted. In other cases

again the eyes appear to be relatively normal. The pupils as a rule

present no peculiarities, although infrequently they are found to be

dilated and sometimes slow in their reaction to light. Nystagmus

also has been noted in a few cases. According to Marie, the optic

nerve may at an early stage present the signs of a neuritis. On the

other hand, optic atrophy, more or less marked, has not infrequently

been found. As a rule, the sense of hearing presents no anomalies

whatever. Earely, howevei', deafness is noted, and at other times

tinnitus aurium. Anomalies of smell and taste are rarely if ever

observed.

Among the subjective phenomena the symptom most frequently

met with is headache, which, as already stated, is of such a char-

acter as to suggest organic intracranial disease. In other cases,

again, it is either entirely absent or of so slight a character as to be

revealed only in response to questions. At other times the pain is

of great severity. When present the headache is referred to the fore-

head or to the top of the head, though as the case progresses it

becomes widely difi'used. In addition to the headache acromegalic

patients often comi^lain of pain in the larger joints, especially the knee

joints. Sometimes, though less frequently, pains are referred to the

fingers or feet. Pains, shooting in character, may also be referred to

various portions of the trunk. Numbness or pins-and-needle sensa-

tions are sometimes noted, though they are rarely marked.

Somnolence, which has already been mentioned, is also a not in-

frequent symi)tom. The somnolence aj)pears to come on in attacks

which may last for weeks at a time, the symptom being entirely ab-

sent in the intervals. In other cases, again, it is present in a slightly

marked degree all of the time. The patient frequently states also

that he suffers from giddiness, though this rarely amounts to actual

vertigo. As a rule no other symptoms of involvement of the nervous

system are present. Occasionally, however, the patient is depressed,

hypochondriacal, or melancholic, or he is markedly apathetic, heavy,

and indifferent. Not infrequently it should be stated there is a dis-

tinct loss of memory. Dementia, however, is never noted; in fact it
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should be clearly impressed ui:>on the reader tliat in the larger num-
ber of cases no mental symptoms of any kind are observed.

Pathology and Morbid Aistatomy.

As might be expected, autopsies upon cases of acromegaly reveal

more or less marked hyi^ertrophy of the bones of the hands, of the

feet, and of the face—esijecially of the lower jaw. Other bones are

found enlarged to various degrees. The most interesting findings, how-

ever, consist in hypertrophies of various glandular structures, more
esijecially of the pituitary body. This structure is so frequently

found enlarged that it is difiicult to resist the conviction that it is in

some way related to the disease. Marie suggested that the pituitary

body bears a relation to acromegaly similar to that which the thyroid

gland bears to myxoedema. It should be borne in mind, however, in

this coimection that in a very small number of cases the pituitary

body has presented apparently no changes (notably a case of Yir-

chow). Numerous other glands occasionally participate in the en-

largement, more especially the thyroid and the thymus glands, while

hypertrophy of the lymphatic glands, the spleen, the kidneys, the

lobes of the liver, and even of the testicles is not uncommon. How-
ever, as already stated, the enlargement of glands other than the pitui-

tary is so inconstant and relatively so infrequent that these changes

must be considered as of secondary importance. Dulness on percus-

sion over the sternum during life was thought, especially by Erb, to

indicate enlargement of the subjacent thymus gland, but the dulness

appears to be due really to the hypertrophied and thickened bone.

The changes found in the nervous system are inconstant and without

significance. Marie, for instance, detected hypertrophy of the sym-

pathetic system and peri- and endoneuritis. No changes of impor-

tance are found in either spinal cord or brain. The skin, as already

stated, is hypertrophied, especially over the affected portions of the

body. The subcutaneous connective tissue may also be increased,

but at a later period it—the subcutaneous fat at least—becomes much
diminished. The muscular tissue itself is as a rule found atrophied,

though occasionally, as would be inferred from the clinical facts,

hypertrophy of this tissue is revealed.

As regards the bones it is noted that the enlargement affects prin-

cipally the distal ends of the long bones of the limbs and the bones

of the carpus, metacarpus, and fingers, and of the tarsus, metatarsus,

and toes. It is the spongy tissue which is principally affected, al-

though the tissue of the shaft of the long bones may also be increased.

Occasionally, in addition to the hypertrophy of bone, bony deposits
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may be found in the joints and in the cartilages. The fact that in-

crease in the length of the bone does not take place save in cases

associated with gigantism, depends probably upon the period at

which the disease begins, namely, after the epiphysis and the shaft

have become more or less united. The examination of the bones in

detail reveals facts closelj^ in keei)ing with the clinical observations.

It should be borne in mind that no bone is free from possible involve-

ment.

Examination of the blood reveals no abnormalities.

The facts at hand are as yet insufficient to warrant a satisfactory

hypothesis regarding the nature of the disease. We can pass over

without comment the theory of Freund, that the disease is one of de-

velopment and consists of a return to a primitive type. The theory

of Klebs that the thymus gland plays a special role is also based upon

insufficient evidence, inasmuch as the number of cases in which thy-

mus enlargement is present is relatively small. The theory of von

Eeckliughausen, that it is due to a vasomotor neurosis, is somewhat

more acceptable, and yet, like all general explanations, is exceedingly

unsatisfactor3^ While it is perfectly true that many of the symp-

toms, such as excessive perspiration, polyuria, etc., lend support to

this theory, no explanation of the origin of the neurosis is given, nor

are we told why this special form of dystrophy should result rather

than the various other trophic disturbances with which we are clini-

cally also familiar. At present we are constrained to accept the the-

ory which was first suggested by Marie, namely, that the pituitary

gland plays an essential role in this disease. Andriezen has thrown

some light upon the probable function of the pituitary body by stud-

ies in general morphology. He has shown, for instance, that the

subneural gland in the larval amphioxus is the analogue of the pitui-

tary body in the higher animals and in man. His results are thus

summarized by Collins ("Nervous Diseases by American Authors,"

p. 893) :
" He believes that the ensemble of evidence proves that the

pituitary gland is not a simj^le structure having one simple function,

but a complex organ composed of three jiarts : (a) An anterior secret-

ing glandular organ; (b) a water-vascular tube lined with ciliated

eijithelium and connecting the buccal cavity with the ventricles and

the rest of the neural cavities ; and (c) a posterior sensitive nervous

lobe. The last two are well developed and functionate in ancestral

vertebrata, but become obliterated and atrophied in structure and

function in all forms above larval acraniates and ammocetes. In man
the posterior lobe represents little beyond a neuroglia remnant of

what was once a functional i)ortion of nerve tissue in ancestral verte-

brata. The glandular secreting portion (anterior lobe) is the type of
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a secreting structure of epithelial cells arranged in lobules and acini

with many ducts opening into one in-incijial duct. Its secretion is

carried with the water-vascular stream through the central nervous

system, and the action of that secretion must be either a trophic one

on the nervous tissues or it must have a destructive effect to neu-

tralize waste products resulting from the activity of nerve tissues."

As showing the findings in acromegaly, the interesting examina-

tion of a case by Mosse and Daunic {Bulletin de la Society Anatomique

de Paris, 95, LXX., p. 633) maybe cited as typical. These observers

found enlargement of the pituitary body and of the thyroid and thymus
glands. The enlargement of the pituitary body appeared to be sar-

comatous in character. The thyroid body presented several changes

:

exaggeration of the colloid substance, cystic formations, and diminu-

tion of vascular proliferation of the fibrous tissue. The thymus gland,

on the other hand, presented simply hypertrophic enlargement.

Diagnosis.

Acromegaly can as a rule be readily recognized. The enormous
exaggeration of the features and the great size of the hands and feet

in well-developed cases leave little room for error. However, it not

infrequently happens that cases in which the disease is not far ad-

vanced present themselves. The unusual size of the features, the

unusual development of the special bony processes, such as the supra-

ciliary ridges and the inion, while the skull itself remains unchanged,

should excite suspicion. Similarly if the hands are much larger than

normal and if the fingers, instead of presenting the taper of normal

fingers, are somewhat sausage-shaped, if the ulnar edge of the hand
is thickened out of proportion, especially if the hand is excessive in

size as compared with the forearm, the diagnosis of acromegaly is

practically certain. Changes in the face and in the hands of course

suggest an examination of the feet. If the feet are excessive in size

in proportion to the leg ; if the instep is thickened ; if the toes are

hypertrophied, especially the great toe ; if the outer edge of the foot

is disproportionately enlarged, and especially if the heel is unusu-

ally prominent, the diagnosis must be looked upon as established.

Especially will this be the case if, in addition to the peculiarities of

the face and extremities, the patient presents the history of having

been obliged for several years past to buy hats, gloves, and shoes of

ever-increasing size. Further, if the patient gives an account of

severe headache, of headache that is continual, that presents little

or no variation; if he is at times somnolent and suffers from ver-

tigo ; if he presents anomalies of the visual fields, has excessive thirst

or excessive hunger, no room is left for doubt.
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Acromegaly must be differentiated from certain other affections,

e.g., gigantism. In gigantism there is as a rule more or less sym-

metrical and i)roportional overgrowth of all portions of the body.

The features are not excessive as compared with the head and neck.

The hands are not enlarged out of proportion to the arms, nor the

feet to the legs, but on the contrary, the hands and feet are dispropor-

tionately small. In acromegah' the overgrowth occurs at the ends of

the extremities, at the distal ends of the long bones, and in the ends of

the various bony processes. It must be remembered, however, in

differentiating between these affections that now and then, though

rarely, gigantism and acromegaly occur together.

From myxoedema acromegaly is readily differentiated. In myx-
oedema there is an evenly diffused swelling in the subcutaneous tis-

sue all over the body. This swelling is soft and does not pit on

pressure. The features are not enlarged but the entire face becomes

rounded and "moon-shaped." The hands and fingers are swollen;

the latter are club-shaped. There is no disproportionate enlargement

of the ulnar edge of the hand. Myxoedema occurs most frequently in

women, eight out of ten cases being female ; in acromegaly the sexes

are equally affected. Again, myxoedema begins at a distinctly later

period of life, generalh^ at forty or fifty years of age, while acromeg-

aly begins most frequently between the ages of twenty and forty.

In myxoedema the bones are never enlarged; in acromegaly they are

always enlarged. The skin in myxoedema is soft and not discolored;

in acromegaly it is coarse, hypertrophied, hairy, and sometimes pig-

mented. The possible though rare concurrence of the two diseases

should be borne in mind. One such case has been reported by S.

Solis-Cohen.

Leontiasis ossea is a disease which should also be mentioned in

discussing the diagnosis of acromegaly. In leontiasis ossea there is

no exaggeration of the features such as is seen in acromegaly. There

is no hypertrophy of the supraciliary ridges or inion, but there is on

the other hand, an enormous and diffuse hj^pertrophy of the skull or

there is an irregular heaping up of bony deposits. The extremities

are not affected at all.

Acromegaly can be readily distinguished from the trophic dis-

order described by Marie under the name of hypertrophic pulmo-

nary pseudoarthropathy. Not only is this affection, as the name
implies, associated with some grave disease of the lungs, such as

empyema, but the enlargements met with differ so radically from

acromegaly that there is no room for error. It is true that the hands

and feet are enlarged, but this enlargement is distinguished by the

following peculiarities: in the hands, for instance, the wrists are
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very large, tlie hand itself but slightly enlarged, while the fingers are

SAVollen, especially at their distal i^halanges. The}' are sometimes

spoken of as being shaped like drum-sticks. The finger nails, also,

are enlarged and frequently curved over the end of the finger like

claws or the beaks of birds. The feet present changes similar to

those seen in the hands and are not at all like those seen in acromeg-

aly. The face, too, is rounded, while the features are rarely if ever

exaggerated. There is no hypertrophy of the lips and tongue.

Osteitis deformans is another affection which is readily differen-

tiated from acromegaly. In contradistinction with the last-mentioned

disease, it affects especially the long bones and but rarely the hands

and feet, and frequently, because of the involvement of the shafts of

the long bones, the latter are much curved and deformed. Secondly,

the cranial bones are affected and not especially the features or prom-

inent ridges. Arthritis deformans, again, is an affection which origi-

nates in the joints, and the swelling and deformity produced are

totally unlike those seen in acromegaly. The metacarpal joints and

the xjhalanges may be enlarged, while the fingers are deflected towards

the ulnar side and are often much distorted.

Adiposis dolorosa is an affection in which there is no enlargement

of the bony parts whatever, but simply an irregular increase in sub-

cutaneous fatty tissue, the deposit being attended at one time or

other by tenderness and neuritic pains.

Treatment.

No satisfactory treatment for the disease has yet been devised.

The apparent relation existing between acromegaly and disease of the

pituitary gland suggests the relation existing between disease of the

thyroid gland and myxoedema and the great efficacy of thyroid prep-

arations in the treatment of the latter disease. Marinesco appears

to be the only one who has given the treatment of acromegaly by
means of pituitary gland a trial. He has treated three cases of acro-

megaly by the administration of tablets of desiccated pituitary' gland.

In two of these cases, a man and woman, there was lessening of the

headache and distinct lessening in the size of the extremities. Mari-

nesco thought it probable that the diseased pituitary glands of his

patients had undergone diminution in size under the treatment. Cer-

tainly treatment by means of desiccated or other preparation of pitui-

tary gland deserves a more extended trial. Unfortunately the remedy

is as yet difficult to procure.

The various special symptoms to be combated are headache,

somnolence, vertigo, and occasional pains about the trunk and limbs.
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The lieadaclie can frequently be relieved by the various coal-tar

products, phenacetin, antipyrin, or acetanilid. The bromides also ap-

pear to be of some service. In cases, however, in which the headache

is of great severity recourse must be had to morphine. The somno-

lence may be combated by coffee, tea, or caffeine, but with indiffer-

ent success. General tonics, such as arsenic and iron, may also be

employed, but in reality no treatment has any effect upon the dis-

ease. Osborne, however, states that tonic treatment, combined with

rest, generally causes a cessation in the acute symptoms and a pause

in the disease. Hosier suggests the use of ergot. Strychnine, phos-

phorus, and a milk diet have also been employed at various times.

Preparations of the thyroid gland are without effect in acromegaly.

ADIPOSIS DOLOROSA.

Adiposis dolorosa is a disease which is characterized by an ir-

regular, though sometimes symmetrical deposit of fatty masses in

various portions of the body, the deposits being preceded or attended

by pain. The disease was origiuallj^ described by the writer in 1892.

A case had previously been published by him under the title " A Sub-

cutaneous Connective-Tissue Dystrophy resembling Myxoedema."

Subsequently, also, a case was reported by Dr. F. P. Henry under

the title of " Myxoedematoid Dystrophy." In addition cases have

been studied by Frederick Peterson, B. C. Loveland, Joseph Collins,

C. K. Mills, and W. G. Spiller.

Etiology,

Nothing is definitely known of the etiology of this affection save

that all of the cases observed, with the exception of one, occurred in

women. Secondly, the affection makes its appearance about middle

life, or some time subsequently. Perhaps it is significant that some

of the cases presented an alcoholic history. In others, again, rheu-

matism may he a possible factor.

Symptoms,

When seen in the fully developed stage, masses of fatty tissue,

variable in size though sometimes exceedingly large, are found dis-

tributed over various portions of the body and limbs. Upon exami-

nation with the finger it is found that the patient flinches as though

the tissue were painful, and pains suggesting a neuritis of terminal

nerve filaments are also complained of. At times the tenderness is

excessive and the consequent suffering very great. At other times
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again the pain is less pronounced, due apparently to the fact that the

pathological i^rocess, whatever it may be, has jjassed its most active

stage. Occasionally in the same patient a mass of fatty tissue will

be found which is no longer painful to i)ressure, but a history of pain

can always be obtained. Very frequently the disease begins by ex-

cessive neuritic pains, which make their appearance in limited or dif-

fuse areas of an arm or leg, or possibly in a number of situations at

once. Simultaneously with the apiDearance of the pain, or perhaps

subsequently, the part is found to be enlarged, and examination dis-

FiG. 58.—Adiposis Dolorosa (from a photograpii).

closes that this enlargement is due to a deposit of fatty tissue. This

tissue is boggy, softer than ordinary fat as a rule, and presents at

times the pultaceous, worm-like feeling of a variocele. The enor-

mous size attained by some of these swellings is well shown in the

accompanying illustrations. Occasionally a nerve truuk is accom-

panied by a welt-like swelling for some distance of its course. The

pains may come on in paroxysms and j^ersist with a high degree of

severity for a number of days and then partially subside. The sub-

sidence of the pain may be accompanied by a slight diminution, but

never by a disappearance of the swelling. It is a noteworthy fact

that the face, hands, and feet have not been involved in any of the

cases that have been studied. In addition to the symptoms of fatty

deposit and pain which constitute the characteristic features of the

disease, we should mention such nervous phenomena as diminished

cutaneous sensibility, small patches of anaesthesia, excessive muscu-

lar weakness, and at times reaction of degeueration in the muscles.

The latter symptom was observed by the writer in one case in the

thenar and hypothenar eminences.

Among other symptoms we should also mention hsematemesis and
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epistaxis and excessive menstruation. These symptoms have been

repeatedly observed. In keeping with this is perhaps a well-marked

purpura, which was observed in one case. Bronchitis and cardiac

dyspnoea have been noted in some cases, but the significance of these

symptoms is open to question. Headache, herpes zoster, pigmenta-

tion of the skin, progressive mental weakness, dementia, should also

be mentioned as symj^toms that have been observed.

As already stated the pain is variable in degree. It appears also

to vary somewhat in character. Thus, as has been stated, it is sonie-

FiG. 59.—Adiposis Dolorosa (from a photograph).

times paroxysmal, at other times continuous. Sometimes it is de-

scribed as neuralgic and boring, at other times as burning and scalding.

Further, we should bear in mind that in addition to the hands and

feet, which are never involved, there may exist various regions upon
the trunk and limbs which remain permanently free from the disease.

The skin itself shows no change save perhaps occasional pigmenta-

tion. It is as a rule soft, white, and flexible, although it is not in-

frequently very dry. The face is frequently much flushed, especially

during the paroxysm of pain. The disease is essentially' chronic,

extending over many years. It is apt to be progressive. Spontane-

ous improvement may occur from time to time, though the symptoms
never fully subside. The following case will serve as an illustration:

M. G , aged 51, widow, a native of Ireland and a domestic.
Family history negative. Present liistory as follows:

As a child she liad had measles, whooping-cough, and scai'let

fever. Menstruation l)egau normally at fifteen. At eighteen she
married. Some years later she ])ad an attack of pneumonia but made
a good recovery. She had in all seven children and one miscarriage.
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Five children died in early childliood, one from cholera infantum,

two from measles, one from "congestion of the brain," and the fifth

from spasms. The menopause set in abruptly at thirty -five. From
this time up to within two or three years her health had continued

good. She had undergone some increase in weight, but l^eyond this

nothing worthy of mention could be elicited. Syphilis was denied,

as was also alcoholic excess. However, the condition of the patient

on several occasions upon her return to the hospital was such as to

throw more than doubt upon her denial of alcoholic abuse.

When forty-eight or forty-nine years of age she noticed that her
arms were becoming very large. The upper arms and shoulders ap-

peared swollen. The swelling continued steadily to increase and was
for about a year unattended by any other symptom.

In November, 1886, she was admitted to the surgical wards of the

Philadelphia Hospital for the rupture of a varicose vein of the leg.

In the following February she was transferred to the medical wards
for a severe attack of bronchitis. Later she had an attack of severe

pain and swelling in the right knee, attended by chill and fever. She
was treated for rheumatism and promptly relieved. Two weeks after

this she complained of a sharp darting pain in the right arm. It be-

gan on the outer aspect above the elbow and gradually increased in

severitj^ and extent, spreading ui)wards to the shoulder and neck, and
downwards to the forearm and hand. It was shooting and burning
in character. She felt at times as though hot water were being poured
upon the arm, and again as though the hands and fingers were being
torn apart. No rise in temperature was noted. The j^ain was often

paroxysmal, but it was never entirely absent. On June 4th, 1897, she
was transferred to the nervous wards of the hospital and came under
the care of the writer.

Her appearance at this time was striking. She was a tall, large-

framed woman who looked as though she had at one time presented a
fine physical development, but she seemed unnaturally broad across

the back and shoulders. On removing the clothing an enormous en-

largement of these parts was disclosed. The enlargement affected

both shoulders, the arms, the back, and the sides of the chest. It

was most marked in the upper arms and back, forming here huge and
somewhat jjendulous masses. It was elastic and yet comparatively

firm to the touch, and it was impossible to produce pitting. In some
situations it felt as though finely lobulated, and in others, especially

on the insides of the arms, as though the flesh were filled wdth bun-
dles of worms. The skin was not thickened; it did not take part in

the swelling, and it was not adherent to the subjacent tissues.

In addition the swelling was very painful to pressure. Pro-
nounced pressure appeared to be absolutely unbearable. The nerve

trunks also were exquisitely sensitive, but this painful condition was
not by any means limited to them, but permeated the swollen tissue

as a whole.
The muscles were not involved in the swelling. The affected

parts were, however, quite weak. Examined electrically the miiscles

of the shoulder and arms yielded a negative result, partly because of

the great resistance caused by the intervening tissue. Slight quali-
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tative and quantitative changes were noted in tlie muscles of the fore-

arms, while in the hands distinct reaction of degeneration was noted
in the thenar and hypothenar groups, more evident on the right side.

Cutaneous sensibility was much diminished. On the right arm
various areas existed in which no response whatever was given to the

gesthesiometer. They were large and irregular in shape and very
sharply defined, and were present on both the inner and outer aspects.

In the finger tijjs the points could not be at all separated. In the
left arm some impairment of sensation was detected on the outer
aspect of the forearm, and in the finger tips sensation was decidedly
below normal. Sensibility to heat and cold appeared also to have
been lessened.

On examining the legs it was found that cutaneous sensibility was
distinctly lessened on the right, while showing little or no impair-

ment on the left.

No enlargement was noted at this time in any part of the body
save in the arms and shoulders. The face was pale, as were also the

mucous membranes. There was, however, a little color in the cheeks,

more noticeable at times. Her features were well formed and intelli-

gent. Her hair was dark and fine. Her mind was unimpaired, ex-

cept that at times she was much abstracted. Sometimes she gave
conflicting answers to questions, so that the latter had often to be
repeated.

Ten daj^s after her admission to the nervous wards she had a chill,

followed by fever and a painful herj^etic eruption over the upi^er por-
tion of the left arm, and anterior portion of the left side of the chest.

Some five or six days later another crop of vesicles made its appear-
ance on the back and on the front of the chest.

Nothing further worthy of note occurred until October 13th, when
the patient had another severe attack of bronchitis, which was accom-
panied by much dysi^noea.

In the latter part of the following December it was noted that dur-

ing one of her paroxysms of pain the swelling of the right arm be-

came more decidedly lobulated. The arm became more sensitive

than ever, and on examination hard, cake-like masses were felt, re-

sembling, as the resident physician expressed it, the caking of milk
in a breast. This caking or increased lobulated feel was subsequently
repeatedly noticed during paroxysms of pain. At this time also she
sufi'ered from an attack of pain in the right knee, and in the popliteal

space a diffused swelling was felt which exhibited the same nodulated
feel as did the swelling elsewhere. It was also very painful.

At various times subsequently^ paroxysms recurred, during one of

which SAvelling was noticed in the posterior triangles of the neck.

The latter seemed later to be permanently fuller than normal. Bron-
chitis also recurred, accompanied by dyspnoea, and at one time with
free exx)ectoration of bloody mucus.

In the following A])ril slie experienced an attack of pain of unusu-
al severit}'. The latter, which involved the right arm and shoulder,

right side of trunk and back of neck, now for the first time spread to

the face and head. The right side of the face became distinctly swol-
len, and jjresented to the touch the same nodulated feel so character-
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iatic of the swelling in otlier portions. At tlie same time the tongue

and x^haryngeal tissues appeared to become swollen. Her tongue,

she said, felt much too large for her mouth. In addition her voice

was very hoarse, and she spoke with great difficulty. This condition

persisted for upwards of a week, and then slowly subsided. For
some time subsequently she spat blood, the source of which was not

determined, though it appeared to come from the throat. The red-

dish color in the cheeks also became more j)ronounced until it covered

the entire forehead like an intense blush. This blush was afterward

observed to occur with other paroxysms of pain.

During the summer of 1888 the patient's condition underwent
some change. The paroxysms became less frequent and less severe.

Hand-in-hand with this imj^rovement sweating became much more
marked. However, paroxysms occurred from time to time, and upon
one occasion a thick, welt-like swelling, exquisitely painful, was ob-

served extending from the upper and inner angle of the sca^jula, per-

pendicularly down the back to very nearly the lumbar region. Upon
another occasion, swelling again made its appearance in the right

popliteal space, as well as on the inner aspect of the knee. In the

latter locality the swelling became permanent, and the tissues pre-

sented the same peculiarities as noted elsewhere. Pain also occa-

sionally appeared in the left arm. Prolonged attacks of cardiac

dyspnoea occurred every week or two, and apparently independently

of bronchitis.

An examination of the eyes by Dr. de Schweinitz revealed contrac-

tion of the fields of vision for form and colors, most marked in the

left eye. The other special senses, hearing, taste, and smell, appeared

to be somewhat obtunded. An analysis of the urine yielded a neg-

ative result. A blood count failed to reveal an increase of white

blood corpuscles.

Upon a number of occasions the patient vomited blood during

paroxysms of pain ; upon several occasions this was observed by the

writer himself. The quantity could not be accurately estimated, but

while it was never large at a single emesis it was constantly brought

up in repeated vomiting during an entire night or day.

Measurements were made of this patient at various times, and
these showed a steady increase in the bulk of the enlarged parts.

Of late the patient has not suffered as intense pain as formerly.

Cardiac dyspnoea, however, is a frequent and distressing symptom.
The face is still flushed. Recently shooting pains have appeared in

the abdominal region, and examination discloses in this region an
extensive deposit of tissue to which the pain is referred. A large

longitudinal wheal, especially sensitive, is found in the left lumbar
region.

Swelling has also made its appearance over the left hip, and to

some extent over the right. The thighs and buttocks do not seem

enlarged in proportion, but soft masses are now found on the inner

sides of both knees, the right larger than the left, the former more
painful to pressure. A small nodule to the right of the scrobiculus

is especially painful.
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Pathology.

The writer lias studied microscopically portions of fatty tissue

which he obtained in two of his cases by means of the Duchenne tro-

car. The fragments revealed connective tissue and fat cells present

in varying degree. It was observed that the former was decidedly

embryonal in type, the cells being large and fusiform and their nuclei

being correspondingly large and prominent. The fat cells for the

most part were associated with these connective-tissue cells and occa-

sionally individual fat cells were seen in which the fatty metamor-

phosis had not been complete. In one of the fragments the writer

was fortunate enough to find nerve elements. These had probably

been included in the grasp of the trocar by the latter grazing a blood-

vessel as the fibres were non-meduUated. The latter revealed decided

changes. Their connective tissue was denser than normal and they

presented an unusual number of nuclei which here and there were

aggregated in clusters. In two of the cases studied by the writer au-

topsies were held, but unfortunately the loss of the specimens pre-

vented the microscopic study of the nervous tissues. In both cases

the most striking feature was calcareous infiltration and induration of

the thyroid gland.

It is very jn-obable that in this disease we have to do with a con-

nective-tissue dystrophy, a fatty metamorphosis of various stages of

completeness occurring in separate regions, or at best unevenly dis-

tributed and associated with symi)toms suggestive of an irregular and

fugitive irritation of the nerve trunks, possibly a neuritis. This view

is held by the writer and shared by both Peterson and Collins. That

it does not, however, embrace the whole truth is evidenced by such

symptoms as the diminished sweating, headache, haematemesis, etc.,

observed in various cases.

Diagnosis.

The affection is readily differentiated from myxcedema by the fact

that in the latter disease the face, hands, and feet are involved, and

especially by the fact that in myxcedema neuritic pains and pains

upon i^ressure do not occur. For similar reasons it is also readily

distinguished from acromegaly. From simple obesity and from lipo-

matosis perimuscularis circumscri]ita it is easily differentiated both

by the i)resence of pain and by the irregularity of the distribution of

the swelling.
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Treatment.

The treatment of adiposis dolorosa resolves itself into the manage-

ment of special symptoms and the application of general measures.

In the writer's cases it has sometimes been necessary to give mor-

phine to control the pain. More frequently, however, the salicylates

have proven sufficiently efficacious ; for instance, sodium salicylate, oil

of gaultheria, and salol. At other times the coal-tar products, antipy-

rin and phenacetin, have yielded good results. In addition various

general measures should be adopted. A diet containing little or no

fat-forming food, massage when the pain has sufficiently^ subsided,

sponge-bathing, hydrotheraj)y in various forms, and galvanism com-

prise the measures at our disposal. Based upon the observation of

the writer with regard to disease of the thyroid gland. Dr. Mills

employed in the treatment of one of his cases thyroid extract with,

as he reported, very satisfactory results.

In one of the writer's cases dyspnoea was occasionally so great as

to necessitate the use of alcohol and digitalis. General principles

are, of course, to guide the practitioner in the employment of these

remedies.
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DISEASES OF THE SPINAL CORD.

INTRODUCTION.

The designation "diseases of the si)iual cord" is derived from

gross anatomy. It is now known to us that the spinal cord consists

of four different portions, viz., (1) Processes from cerebral cells, (2)

processes from cells which are present in the spinal ganglia and per-

haps also in the periphery, (3) cells whose processes extend into the

peripheral nerves, and (4) cells which, together with their processes,

lie in the spinal cord. It is therefore conceivable that no boundary

can be drawn either between the diseases of the spinal cord and those

of the brain, or between the latter and those of the peripheral nerves.

Besides, there are many affections which involve the brain and the

spinal cord at the same time. Thus it happens that various affec-

tions are grouped together under the vague designation of " diseases

of the spinal cord," while it is to a great estent a matter of choice

whether the disease is to be classified or not under this heading.

Tabes, for example, is usually regarded as a disease of the spinal

cord because the most evident lesions have their seat there. It

is, however, really a disease of the entire nervous system, because

there are portions of the brain as well as of the peripheral nervous

system which are primarily diseased. Multiple sclerosis has been

considered in this work among the diseases of the brain, but it might

with equal propriety be regarded as a disease of the spinal cord, since

both these nervous centres are affected.

Man}' poisons act injuriously upon the brain and the nerves at

the same time, for example alcohol, or it may be only a matter of

degree and duration whether changes are found in the nerves alone or

in the spinal cord also. To a truly scientific mind, the classification

of diseases according to their anatomical seat must appear illogical.

Clinical unities correspond with etiological unities, and a strictly

etiological classification is perfectly satisfactory. Long usage, how-

ever, is hard to overcome, the usual classification is therefore adhered

to in this work; but since this is wholly arbitrary, it has not been

thought necessary to follow a definite order in the discussion of the

several diseases. Following the usual rule in works of this nature, it
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would seem proper perhaps to begin with a section on the general

etiology and therapy of diseases of the spinal cord, but this is im-

possible, since the etiology and treatment of these various affections

differ widely according to the nature of each. It seems unnecessary

also to devote any space to anatomical and physiological details

which may be found in any elementary text-book.

INJURIES OF THE SPINAL CORD.

The spinal cord is liable to be injured by sharp or blunt forces.

The former variety of injury is principally the result of knife or dag-

ger thrusts. A pointed knife, especially when it is directed from

below upwards and somewhat laterally towards the median line, may
penetrate between two vertebral arches into the spinal canal from be-

hind without damaging the bone. When the force is very great and

the direction of the thrust differs slightly from that above given, more
or less serious injury may be inflicted upon the vertebral arches and

the blade may penetrate into the canal through this artificial opening.

At the same time splinters of bone may be carried along and may in

turn produce compression or lesion of the cord.

Perforating or incised wounds of the cord have thus far been ob-

served only in the cervical and upper dorsal regions. This can be

due solely to the fact that these parts are more accessible to the hand

than the lower dorsal or lumbar region. As regards the latter with

reference to an injury to the cord, only the space between the arches

of the first and second lumbar vertebrae can come under consideration,

for the gap permitting penetration into the cord is particularly large

between the arches of these two vertebrae, owing to the horizontal

direction of the spinous processes; at this point, should such an acci-

dent occur, the cord is liable to be divided in its median portions

and perhaps entirely. In cases, however, of a thrust between the

vertebral arches in the cervical or dorsal region the division of the

cord will almost invariably be merely unilateral, since the vertebral

process with its marked downward direction covers the interver-

tebral fissure in the median line and prevents the penetration of the

knife into the opposite side of the cord. Still in some persons the

I)rocesses of the last two cervical and the first dorsal vertebrae run in

a more horizontal direction, and then a total division is possible, as

has been observed. In such cases of division of the cord the spinal

nerve roots at the level of the thrust are likewise severed; whether

it is jjossible for a knife penetrating into the spinal canal to sever

only the roots without ])roducing any lesion of the cord appears to

be very doubtful. Aside from the actual knife wound, the effusion
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of blood will also damage the cord in these cases. An effusion of

blood into the cord in cases of more or less unilateral division will

produce at first the symptoms of a complete transverse lesion. In

like manner hemorrhages into the meninges may cause at first a more
or less complete arrest of the function of the cord at the level of the

lesion, while after the lapse of some time only the symptoms depend-

ent on the actually severed jiortions persist. In the cases which

have been described as recoveries from incised wounds of the cord,

the injury probably was nothing but such compression by hemor-

rhages, the knife not having reached the cord itself and perhaps not

even the spinal canal.

Injuries of the cord b}^ blunt force are more frequent than those

due to cutting instruments. In such cases the force may act directly

at the level corresponding to the lesion, the more active part being

taken either by the mass causing the injury or by the weight of the

human body. The former accident takes place, for instance, in mines

or quarries when large masses fall on the back of a laborer, the latter

when the subject falls, say from a roof, and strikes with his back the

edge of an open door. The writer has observed a case of this kind

in a gymnast performing on two horizontal bars, who, intending to

strike the second bar from the first with the bend of the knee, struck

it with the middle of the back.

Far more frequent than the direct action of the force upon the

point of the lesion is an indirect action. Thus spinal injuries are

most common in falls upon the head and nucha, especially when the

cervical spine is excessively flexed at the same time (as in a fall over

the horse's head in clearing a hurdle), or following a heavy blow

upon the head. Lesions in the lumbar region, particularly at the sa-

crum, are associated with a fall on the buttocks.

In most cases of this kind there is probably a lesion of the verte-

bral column which causes the injury of the cord. In general we may
distinguish between luxations and fractures, though both are often

combined. Uncomplicated luxations are observed most frequently

at the cervical spine, at which point in particular they may at times

be diagnosticated, while at the dorsal and lumbar spine (where they

also occur) they cannot be distinguished from fractures or fractures

combined with dislocation. Of the greatest practical importance are

luxations of the lower cervical vertebrae, which are most frequent be-

tween the fifth and sixth. Of the vertebrae under consideration it is

the upper one that is regarded as dislocated. The luxation occurs at

the articulations of the articular processes ; usually the lower articu-

lar processes of the upper vertebra pass in front of the upper proc-

esses of the lower one and become locked (forward luxation) . This
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luxation may be bilateral (luxation by flexion) or unilateral (luxation

by abduction or rotation). In the former case the spinal column above

the luxation, and with it of course the head, is inclined forwards ; the

spinous process of the vertebra below the luxation projects markedly

backwards; the vertebral column is fixed not alone by muscular ten-

sion but by the patient holding his head firmly so as to avoid all

motion. When the luxation is unilateral, the spinous process of the

dislocated vertebra is directed towards the luxated side. The head is

inclined to the side opposite the luxation and the chin is turned tow-

ards the same side. The nuchal muscles are very tense on the lux-

ated side.

Backward luxations of the vertebrae are very rare, and it is even

questionable whether they can occur. At the upper cervical vertebrae,

however, we meet with forward and backward luxations of the head

upon the atlas, and most frequently luxations, likewise forwards and

backwards, of the atlas upon the axis. In luxations of the atlas the

odontoid process of the axis is probably always broken off; when
the luxation is forwards and complete, the arch of the atlas must also

be broken off. Luxations by rotation of the atlas may likewise occur.

Fractures of the vertebral column may affect the bodies of the

vertebrae, the arches, the spinous processes, or the articular and trans-

verse processes. Fractures of the bodies are most frequently the re-

sult of indirect force, those of the arches of direct force ; the articular

l^rocesses break mainly with luxations. The vertebral bodies may be

completely comminuted; sometimes, though rarely, splinters may
be displaced into the vertebral canal where they of course injure the

cord. Vertebral fractures, too, are most common in the cervical and

upper dorsal portions ; next in order are the lower dorsal and the first

lumbar vertebrae. They may be confined to a single vertebra or in-

volve several ; the former occurrence is most fre(iuent in the lumbar

portion, the latter in the upper dorsal region.

A differentiation between fractures and luxations is but rarely

possible, especially as both conditions are often combined; it is

most likely to be made in the cervical portion and in that case

crepitation would indicate fracture, though we should take care not to

produce it. Fractures of arches and spinous processes are more
readily recognized. Marked projection or depression of a dorsal

sijinous process indicates a luxation.

Sometimes there is neither a luxation nor a fracture of the verte-

brae but merely a diastasis by rupture of the ligamentous apparatus

or of the intervertebral discs, though as a rule all these conditions

are associated with each other. Hemorrhages in considerable amount

into the spinal canal are nearly always present. In very severe cases
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the external integument is also injured so that there is an open wound
of the spinal canal or cord.

Midway between sharp and blunt forces acting upon the spinal

cord are lesions caused by small projectiles, e.g., revolver bullets,

which may produce only slight injuries of the vertebral column;

larger projectiles of course must seriously damage the latter before

they strike the cord. The lesions produced in the cord by the above-

mentioned injuries of the vertebral column may vary greatly. In

some cases it is not wounded at all, particularly in unilateral luxa-

tions and in fractures of the vertebral arches or of the spinous proc-

esses. The lesions of the cord are also slight when they consist

essentially in a compression by an intervertebral hemorrhage. In

the most serious cases there are true breaches of continuity of the

cord which may, for instance, be torn in excessive flexion of the ver-

tebral column or severed by a pointed fragment of bone. Between

these are all possible transitions—complete contusion of the cord at

the level of the lesion so that the cord is represented merely by a sac

containing detritus, partial contusions, and more or less total suffu-

sion of the cord with blood. When infection is made possible by an

external injury, e.g., in gunshot wounds, such lesions are ultimately

complicated with purulent meningitis or the formation of abscesses

in the cord.

In quite a number of lesions caused by the direct or indirect

action of force upon the vertebral column, serious injuries may be

present in the cord without any material alterations being discov-

erable in the bones at the autopsy. In a few of these cases there

may have been at the time of the accident some slight displace-

ment of the vertebrae upon each other or a luxation with contusion of

the cord ; but spontaneous reduction must have followed at once so

that no evident structural disturbance would be found in the verte-

bral column.

Unquestionably, however, there are cases—and they are not so

rare as was formerly believed—in which even at the time of the acci-

dent the vertebral column remained intact, and a disintegration and

hemorrhage in the cord resulted either from strong traction or vio-

lent contusion. These cases belong properly in the class of trau-

matic hsematomyelia. In the milder cases the hemorrhage is confined

to the whole of the gray substance or a portion of it for a long dis-

tance (tubular hemorrhage) ; in the severe cases the entire cross sec-

tion may be permanently injured. In such cases it is hardlj^ ever

possible to exclude a lesion of the vertebral column during life.
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Pathological Ai^atomy.

The alterations of tlie cord in cases of injury are at least

qualitatively always the same and relatively simple. There is in-

variably more or less pronounced destruction of medullary sub-

stance with all its consequences, and finally, when the duration is

sufficiently prolonged, cicatrization. In simple knife thrusts the

destruction, especially in the longitudinal axis of the cord, may not

be extensive. In recent cases we shall find, usually confined to one

side of the cord, a short focus of so-called red softening, in which the

point of the knife is sometimes still embedded, the histological ele-

ments of which consist of red and scanty white blood corpuscles,

broken-down myelin, disintegrating ganglion cells, and blood-vessels

gorged with blood or ruptured. The lesion very gradually merges

into the surrounding healthy tissue. In the transitional zone signs

of reaction appear at first in the shape of profuse proliferation of in

part newly formed blood-vessels, and swelling and proliferation of

the neuroglia, with the presence of granular cells. The latter pene-

trate into the disintegrated tissue. At this point there is a gradual

resorption of the destroyed nerve tissue and also a proliferation of the

neuroglia, which is usually in a state of better preservation, perhaps

of some connective tissue and of the blood-vessels, so that at last the

nerve tissue is replaced by pure cicatricial tissue whose origin is be"

trayed merely by scanty remnants of ganglion cells, some disinte-

grated myelin, and residues of hemorrhage. This cicatrix remains

permanently ; a reunion of the divided nerve fibres does not occur in

the spinal cord even when the cicatrices are very short, and while the

posterior nerve roots, which have been severed and detached from the

cord, may grow again for some distance into the cord, they do not

unite with their central cut ends. The hemorrhages into the meninges

may disappear or they may become organized and remain as a kind

of induration between the meninges. As to possible ascending and

descending degenerations, the reader is referred to a later paragraph.

In extensive destructions, such as occur with luxations and fractures,

the process is essentially the same as stated above. When the con-

tusion has been extreme, the inn, whose continuity is nearl}^ always

preserved, contains at the point of the lesion only a mass of detritus

which at first is usually stained red by a considerable admixture of

blood. When the dislocation of the vertebras with the resulting

narrowing of the spinal canal persists, the cord will of course be

thinned and compressed even in the first stage of the injury ; after

the dislocation has been reduced, the cord may be awollen. Subse-
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quently tlie course of tlie alterations at the point of the lesion and its

vicinity, in these cases of extensive injury, is exactly the same as with

the smaller lesions, i.e., resorjjtion of the disintegrated and hemor-

rhagic medullary substance; proliferation of glia, connective tissue,

and blood-vessels v^^ithin and around the focus ; ultimately contraction

and sclerosis of the entire region into a connective-tissue cicatrix. Of

course this cicatrix after severe contusions will occupy a much larger

surface, and the cord may then be thinned, ribbon-like, or be changed

to a loose sac, consisting chiefly of pia and a cicatricial tissue con-

taining usually numerous blood-vessels, some ganglion cells, blood

pigment, and remnants of myelin.

Hemorrhages into the meninges associated with these extensive

lesions undergo precisely the same changes as those occurring in

mild cases.

Above and below the cicatrix we find ascending and descend-

ing degeneration. When the entire cross section is destroyed we
observe in an ascending direction a degeneration of the poste-

rior columns, and especially of the columns of GoU and Gowers
and the direct cerebellar tracts, of the margins of the anterior col-

umns, and for some distance also of the pyramidal tracts ; in a de-

scending direction a degeneration of the pyramidal tracts, of the

margin of the entire antero-lateral tract, of the comma-shaped tracts

in the posterior columns, and a tract in the latter which passes first

at the posterior periphery of the cord, then as an oval field beside the

posterior septum, and reaches as far as the filum terminale (Hoche).

When the transverse section of the cord is only partially destroyed,

these secondary degenerations of course are present to a correspond-

ing degree.

Along with these system-degenerations we very often find, par-

ticularly with traumatisms, though not exclusively with them, chiefly

in the centre of the posterior columns and in the posterior horns

above and below the total lesion, irregularly scattered, degenerated,

usually round spots, which appear light after hardening in chromic

acid—the so-called disseminated patches. Examining these in serial

sections we find that they are cylindrical foci of degeneration extending

often over quite a number of segments. The degenerated cylinder is

frequently completely detached from the surroundings, lying in the

cord like a necrotic piece of bone does in its bed. Finally it may
disappear altogether so that there is left an irregular cavity extending

over several segments. These disseminated patches probablj^ repre-

sent a direct necrosis of the implicated regions ; this is shown by the

fact that they stain little or not at all ; they have a delicate reticulated

structure (the network is formed of glia fibres and the finest blood-
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vessels) and usually contain within the meshes remnants of nerve

fibres and blood pigment. In the adjoining non-necrotic cord, even-

tually also at the margin of the cavities, we find numerous granular

cells.

Of course the lesion need not necessarily involve the whole cross

section of the cord. As a rule the central portions, the gray sub-

stance, suffer most, and even in very severe lesions some stretches of

moderately preserved nerve substance frequently remain immediately

under the pia. Quite interesting and of practical importance is also

the condition of the spinal nerve roots. Those issuing from the de-

stroyed segments are of course degenerated and atrophy occurs also

in the muscles supplied by the anterior roots. On the other hand

it is a matter of common observation that in otherwise very seri-

ous lesions those nerve roots which merely pass by the injured

cord to reach their point of emergence from the spinal canal, and

which, for instance, in the dorsal portion of the vertebral canal are

derived from segments considerably above the seat of the injury,

are well preserved; while a priori it would be assumed that these

roots, lying as they do particularly close to the injured cord, would

be more liable to be affected than the cord. In general, however,

the roots are more resistant than the cord, and this not only with

reference to traumatisms ; to be sure their power of resistance does

not go beyond a certain limit; when the trauma is very forcible they

likewise are torn.

In extremely severe cases, in excessive flexion or marked diastasis

of the vertebral column, the cord may be torn, leaving between the

two ends a hiatus several centimetres in length, which is filled with

blood. Under the microscope the two ends of the cord present the

picture of the most severe contusion.

When the nature of the injury furnishes an opportunity for infec-

tion, such cases may be attacked by purulent meningitis or more

rarely by abscess of the cord. Both of these conditions, however,

occur also secondarily from a severe bedsore or possibly from cystitis.

In cases in which the cord is injured while the bones are intact, the

clinical and anatomical condition is that of hsematomyelia. The

hemorrhage in these cases is generally located in the gray substance

but extends as a tubular hemorrhage often over long distances ; in

some instances it affects only a portion of tlie gray columns, a pos-

terior or an anterior horn. For further details the reader may con-

sult the section on haematomyelia.
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Symptoms.

For the sake of simplicity we sliall discuss here first the symp-

toms of severe contusion of the cord, caused by blunt force and in-

volving marked injury of the vertebral column. Let us assume that

we have to deal with the most frequent accident, with a considerable

though not quite complete interrujjtion of the transverse section in-

volving one segment of the cord or a number of them. The symp-

toms manifested may be divided into those produced by the segments

directly injured, and those due to the interrupted conduction below

the lesion. With reference to both, the following may be stated as

of general application : As regards segmental symptoms, a differen-

tiation between root and cord symptoms, such as we are familiar with

in slow compression of the cord, is usually impossible in traumatism.

In slow compression the lesion of the roots may in typical cases long

precede those of the cord, and both phases may manifest themselves

by special symptoms ; in acute traumatism both the cord lesion and

any possible root lesions occur at the same time. Since the symp-

toms in injury of a spinal segment or of the roots springing from it

are exactly the same, and in most cases of spinal lesion only those

roots become diseased which spring from the injured segment, but

not the roots of higher segments passing beside the injured segment

to their points of emergence from the spinal canal, it is easily under-

stood that in serious contusions root and cord symptoms coincide.

Only in isolated cases of extremely grave vertebral injury a portion

of the symptoms—those whose location is highest—may be referred

to a root lesion per se; we shall see hereafter when this is so and that

this condition is easily recognized.

In the region supplied by the injured segment, in supposedly

more or less total transverse lesions, a complete cessation of the cord

functions must result. The muscles dependent upon the segment

will be affected with a flaccid paralysis, they will undergo atrophy,

and will exhibit the reaction of degeneration. Sensibility must be

completely abolished in the same regions. The tendon and cutane-

ous reflexes whose paths run through the injured segments must

vanish. For reasons to be discussed below, all these symptoms,

especially the atrophy and the electrical disturbances of the mus-

cles, will be more distinct when several segments are affected.

The symptoms of interrupted conductivity below the lesion find

exjjression in disturbances of motility, of sensibility, of the reflexes,

and of the sphincters, and in trophic derangements. All muscles whose

nuclear fields lie below the transverse lesion are paralyzed, and this
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paralysis is always spastic and after some time leads to a contracture

in extension or flexion of the paralyzed limb. The sensibility is lost

up to the level of the cutaneous region supplied by the injured seg-

ment ; a zone of hypersesthesia sometimes presents itself above the

angesthesia as a segmental symptom. The tendon reflexes, when the

transverse section is not completely interrupted, are increased so far

as their reflex arc lies below the lesion, and a clonus of the patellar

and Achilles tendons forms rapidly. These spastic manifestations

are frequently so strong that even very slight movements of the legs

induce shaking motions of all the muscles (the spinal epilepsy of

Brown-Sequard). The cutaneous reflexes may also be increased be-

low the point of the lesion, at all events they are j^resent in most

cases. As the disturbances of the sphincters may vary greatly, it

will be better to discuss them in connection with the symptom com-

plexes occurring in injury of the several segments of the cord. Often

there is first retention of urine, later incontinence. Bedsores occur

particularly when the disturbance of sensibility is total ; cystitis de-

velops after marked paralysis of the bladder. When the transverse

lesion is almost total, the secretion of sweat in the entire region below

it is arrested; in the paralyzed legs we often find oedema and increased

temperature of the skin. This much can be said in general about the

symptoms in severe transverse lesions of the cord. Otherwise the

symptoms of course will vary much, particularly in their extent and

grouping, according to the site of the lesion with reference to the lon-

gitudinal axis of the cord. The higher the situation of the lesion the

larger are the regions in which nerve conduction is interrupted, and

the more extensive therefore will be the disturbances which have been

briefly enumerated above. The lesions may be roughly divided into

those of the upper cervical cord, those of the cervical enlargement

(subdivided into those of the upper and lower half), those of the dor-

sal cord, and those of the lumbar and sacral portions. Besides there

are the lesions of the uppermost cervical cord and those of the cauda

equina.

In lesions of the dorsal cord (in this connection the symptoms of

the injured segment and those of the conducting paths are enumerated

together ; when feasible first the former, then the latter) the following

symi:)toms are found : Girdle pain ; a hypersesthetic zone correspond-

ing to the level of the lesion; spastic paralysis of the legs, usually in

extension, more rarely in flexion; patellar and ankle clonus; often

marked so-called spinal epilepsy ; ansesthesia up to and including the

diseased segment; always preserved and often increased cutaneous

reflexes ; variable disturbances of the vesical functions, difiicult mic-

turition with violent tenesmus, sometimes involuntary evacuation,
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frequently retention of urine or paradoxical ischuria; constipation,

subsequently bedsores, cystitis, etc.

When the lesion is located in the lower portion of the cervical en-

largement, possibly pains and zones of hypersesthesia are found only

in the ulnar psiit of the arm. We find also atrophic paralysis of the

small muscles of the hand, of the flexors and extensors of the fingers

and eventually of the hand, later with reaction of degeneration. An-
aesthesia of the trunk extends to the level of the second rib in front

and of the spine of the scapula behind ; in the arm, it implicates only

the ulnar half. Contraction of the jiupils and of the palpebral fis-

sures exists, and there is paralysis of the muscles of the trunk and

legs. The condition of the reflexes and sphincters is the same as in

injury to the dorsal cord.

In lesions at this point we often observe, as pointed out by Thor-

burn, a peculiar position of the arms ; at the shoulder they are ab-

ducted, at the elbow flexed and pronated. This is due to the fact

that the muscles required for this iDOsition, which are mostly derived

from the fifth cervical root, are not involved in the paralysis in these

cases and are sometimes perhaps even in a state of slight contracture.

When the lesion affects the upper part of the cervical enlarge-

ment, the forearm and hand present a spastic paralysis, the upper

arm and shoulder an atrophic paralysis. Pains, if present, are located

chiefly in the shoulder. The anaesthesia affects the arms over their

entire extent. Otherwise all the conditions are the same as in lesions

of the lower half of the cervical enlargement. The state of the pupils

and palpebral fissures is still undetermined.

In injury to the upper half of the cervical cord a spastic paralysis

of all four extremities would occur and the muscles concerned in the

movements of the head would also be implicated. The anaesthesia

will involve also portions of the nuchal and cervical regions. The
diaphragm must likewise be paralyzed. In luxations of the upper-

most cervical vertebrae, besides the above-described abnormal position

of the head and neck, pain m the occiput and stiffness of the nucha

are also present. If the cord is involved in any degree, all the spinal

muscles and eventually also the hypoglossi are paralyzed. Unless aid

is immediately rendered, death is bound to occur soon. In lesions

of any part of the cervical enlargement, erection of the penis is very

frequent or there is at least some turgidity of the member which in-

creases with any manipulation, for instance, during catheterization.

Not rarely pyrexia has been observed in addition, for which there

has been no other explanation.

When the upper portion of the lumbar enlargement of the cord is

injured, there may be occasionally flaccid atrophic paralysis in the



576 BRUNS AMD WINDSCHEID—DISEASES OF THE SPINAL COED.

distribution of tlie crural and obturator nerves, with absence of the

patellar reflex. The anEesthesia occupies the whole of both legs.

Pains, if present, are found in the distribution of the crural nerve.

The disturbances of the bladder and rectum may be the same as in

lesions of the dorsal cord. In contusion of the sacral cord we find

atrophic degenerative paralysis in the muscles of the leg and foot,

possibly also in the flexors of the thigh. The remaining muscles of

the thigh are normal ; the patellar reflex may be preserved, the Achil-

les tendon reflex is absent. The anaesthesia involves the foot and

posterior surface of the thighs and legs. The bladder is comi)letely

paralyzed and contains only so much urine as the sj^hiucter vesicae can

retain by its elasticity ; when this amount is exceeded, the urine drib-

bles awa}^ The bladder can be emptied by expression. Restriction

of the injury to the sacral plexus is to be expected only when there is

an isolated lesion of the cord, the lumbar roots passing by the sacral

cord remaining intact. When all of the lumbar enlargement is de-

stroyed—a condition usually observed in injury of the lower dorsal

and upper lumbar vertebrae—we find atrophic paralysis of the whole

of the legs, absence of the tendon reflexes, anaesthesia extending up-

wards slightly above the flexure of the thigh, and paralj'^sis of the

bladder as in contusions of the sacral cord. In these cases bedsores

generally develop with special facility and spread rapidly. When
the conus medullaris is alone injured, there is anaesthesia of the peri-

neum, of the genitals, and eventually also over a median strip at the

posterior surface of the thigh, together with paralysis of the bladder

and imj)otence.

When the lesion involves the spine below the second lumbar ver-

tebra, only the cauda equina can be injured; the symptoms in this

case are usually the same as in lesions of the sacral cord, rarely

as in those of the entire lumbar enlargement. As a rule the pains are

more violent than in injuries of the corresponding segments of the

cord, and the paralysis is not so symmetrical on the two sides as it

is in cord lesions.

This com])letes the rough description of the symptoms caused by

lesions at the various levels of the cord, jiarticularly as regards their

extent and grouping. But it is especially in injuries of the cord that

such a description in bold outlines proves insufficient, above all with

our present demands upon diagnosis with reference to a possil)le

causal treatment. In every single case we must exactly determine

the extent of the paralyses and anaesthesias, and this applies

above all to the upper limits of these two symptom groups, as we
demonstrate at the same time the upper limit of the lesion in the

cord. This will convince us that chance does not govern here, that
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every definite level of the lesion determines a positive limit for the

disturbances of sensibilit}', and that a certain number of muscles are

paralyzed, while other groups are preserved, the latter becoming less

in proportion as the level of the lesion rises. This grouping corre-

sponds in detail to what we know thus far regarding the localization

of the functions of the several segments of the cord. Since a lesion

causes no clinical symptoms above its upper level, although it pro-

duces ascending degeneration, the highest paralyzed muscles must

invariably correspond to the upper limit of this lesion and the

muscle groups supplied from above this point will not be para-

lyzed. Thus, for instance, with a lesion situated in the sixth cer-

vical segment, the paralysis will affect all the arm muscles except

those depending upon the fifth cervical segment, namely, the del-

toid, biceps, brachialis internus, and supinator longus. The same

remark applies to sensibility; when the upper end of the lesion

reaches, say, the seventh cervical segment, the entire ulnar half of

the arms will be anaesthetic, while the radial half will have normal

sensibility.

Localization op the Functions op the Segments op the Spinal Cord.

Segment. Muscles. Reflexes. Cutaneous Sensation.

First cervical Rectus lateralis.

Rectus capitis.
Anticus and posticus.
Sternohyoid.
Sternothyroid.

Second and Sternomastoid. Inspiration produced by sud- Back of head to vertex and
third cervi- Trapezius. den pressure beneath the neck.
cal. Scaleni and neck.

Diaphragm.
lower border of ribs.

Fourth cervi- Diaphragm. Dilatation of the pupil pro- Back of neck.
cal. Deltoid. duced by irritation of neck Shoulder, upper surface.

Biceps. (fourth to seventh cervi- Outer surface of arm.
Coracobrachialis. cal). Anterior portion thorax as far
Supinator longus. as the second rib.

Rhomboid.
Supra- and infraspi-
natus.

Fifth cervi- Deltoid. Scapular (fifth cervical to first Back of shoulder and arrn.

cal. Biceps. dorsal). Outer side of arm and fore-
Coracobrachialis. Tendon reflexes of the corre- arm.
Brachiahs anticus, sponding muscles.
Supinator longus.
Supinator brevis.
Rhomboid.
Teres minor.
Pectoralis (clavicular
part).

Serratus magnus.

Sixth cervi- Biceps.
Bracliialis anticus.

Tendon reflexes of the exten- Outer side of forearm.
cal. sors of thearm and forearm. Back of hand, radial distri-

Extensors of the hand Posterior wrist (sixth to bution.

and fingers. eighth cervical). Tapping
Pectoralis (clavicular tendon causes extension of

part). hand.
Serratus magnus.
Triceps.
Pronators.

Vol. XI.—37
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Localization op the Functions op the Segments of the Spinal Cord.—
Continued.

Sefcment.

Seventh cer-
Tical.

Eighth cer
vical.

First dorsal..

Second to
twelfth
dorsal.

First lumbar.

Second lum
bar.

Third lum
bar.

Fourth lum
bar.

Fifth 1 u m
bar.

First and
second sa-
cral.

Tliird to fifth

sacral.

Muscles.

Triceps (long head).
Extensors of hand and

fingers.
Pronators of hand.
Flexors of hand.
Subscapular.
Pectoralis (costal
part).

Latissimus dorsi.

Teres major.

Flexors of hand and
fingers.

Intrinsic hand muscles

Extensors of thumb.
Intrinsic hand muscles
I'henar and hypothe
nar muscles.

Muscles of back and
abdomen.

Erectores spinas.

Palmar (seventh cervical to
first dorsal). Stroking palm
causes closure of fingers.

Ileopsoas.
Sartorius.
Abdominal museles.

Ileopsoas.
Sartorius.
Flexors of the leg
(?Remak).

Quadriceps femoris

Adductors and inward
rotators of thigh.

Flexors of thigh.

Adductors and abduc-
tors of thigh.

Tibialis anticus.
Flexors of leg (? Fer

rier).

Outward rotators.
Flexors of leg (?Fer

rier).

Flexors of foot.
Peronei.
Extensors of toes.

Flexors of foot and
toes.

Peronei.
Small muscles of foot

Muscles of the peri-
neum.

Reflexes.

Epigastric (fourth to seventh
dorsal).

Abdominal (seventh to elev-

enth dorsal).
Vasomotor centres. Second

dorsal to second lumbar.

Cremasteric (first to third
lumbar).

Patellar tendon (second to
fourth lumbar).

Gluteal (fourth to fifth lum
bar).

Plantar (fifth lumbar to sec
ond sacral).

Achilles tendon.
Ve.sical centre.
Anal centre.

Cutaneous Sensation.

Radial distribution ih the
hand.

Median distribution in the
hand.

Ulnar area of hand, back and
palm; inner border of fore-
arm. (Internal cutaneous,
ulnar.)

Ulnar area.

Skin of chest, back, and ab-
domen.

Upper gluteal region.

Skin over groin and front of
scrotum.

Outer side of thigh.

Front and inner side of thigh.

Inner side of thigh, leg, and
foot.

Back of thigh and outer side
- of foot.

Back of thigh, outer side of
foot.

Sacral region, anus, perine-
um, genitals.

In the appended table (after Allen Starr and Edinger, with a few

slight modifications) , the muscles, reflexes, and cutaneous regions de-

pendent upon the several spinal segments are enumerated in order.

This table is in general quite reliable. In a concrete case, therefore,
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the limit of the ansesthesia and the extent of the muscular paralysis

having been accurately determined, we can ascertain from the table

which are the highest segments injured.

Below this level everything is paralyzed

and anaesthetic. In this connection it

should be noted that the data for this

table have been gathered in the main from

traumatic cases and that we are indebted

to Thorburn for the most accurate obser-

vations; of special importance were the

cases in which, probably by reason of

hemorrhage or an advancing oedema, a

gradual rise of the lesion could be ob-

served for a few days following the trau-

matism. The table shows that the con-

ditions are quite simple at the dorsal

cord; they are considerably more com-

plicated at the cervical and lumbar en-

largements, and particularly at the latter

point many facts are still obscure and in

need of further elucidation.

In making use of the table and diagram

it is necessary to observe some precau-

tions, which, however, have been at least

in part noted therein. We are indebted

to Sherrington for the positive proof that

in no instance does a single segment or a

single root alone supply a definite mus-

cle or a definite region of the skin, but

that a number, at least three segments and

roots, participate. A complete paralysis

of the respective muscle and an absolute

anaesthesia of the respective cutaneous re-

gion occur only when all the correspond-

ing segments are destroyed. This rule

holds good especially in the development

of marked atrophy and of the reaction

of degeneration in the paralj^zed muscles.

Therefore, according to the appended

table, in complete paralysis of the deltoid
. 1.J1 Fig. 60.—Diagram showing the Re-

We must assume an implication 0± the lationsof the spinous Processes to

fourth cervical segment, and in paralvsis the Bodies of the vertebr® and of

. ,. ,. » ,1 %J.,^
these to the Points of Origin of

01 the biceps an implication Oi the ntth the Spinal Nerves (Gowers),
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cervical segment. When the ausestliesia of the trunk reaches into

the region supplied chiefly by the fifth dorsal segment and is total,

we must assume at least an implication of the fourth dorsal seg-

ment. In short, in a case of paralysis and anaesthesia extending to

a certain height, we must always assume a lesion of the uppermost

segment in question. Another result of this extensive anastomosis of

the processes of the several segments at the periphery is that with a

lesion of but one root or a single segment, segmental symptoms must

be altogether absent, for these require a lesion of several segments.

In the second place individual variations occur. Thus we are sure

from personal and other observations that while as a rule the first

dorsal segment innervates the small hand muscles, in some subjects

the eighth cervical and in others also the seventh cervical segment

take part. Only when the latter is completely destroyed permanent

paralysis and atrophy of these muscles persist. In like manner the

dilator puiDillse depends not only ujjon the first dorsal segment but

also upon the second and third dorsal and the eighth cervical segment.

In making use of the table with the precautions here explained, it

will be possible to calculate in every case, after a careful determina-

tion of the extent of the sensory and motor disturbances, to what level

the lesion in the cord reaches.

We have made a sharp distinction above between the symptoms
of the injured segment and those of the interrupted conduction. It

would be of practical importance if we could always positively deter-

mine in a concrete case what is dependent upon the functional dis-

turbances of the one or the other. Since, as above stated, there is

no loss of function above the lesion, it is evident that according to

our table the highest segmental symptoms in a concrete case must be

directly traumatic.

It is more difficult to determine the lower limit of the contusion.

This may be possible at the cervical and lumbar enlargements. All

the muscles supplied by the directlj^ injured portion of the cord will

present flaccid paralysis, atroj^hy, and sooner or later the reaction of

degeneration. All the muscle supplied by nerves given ofi" below the

lesion will exhibit sjoastic paralysis. On the other hand no differ-

ence in sensory disturbances will be found, whether they depend di-

rectly upon the contused cord or upon the interrupted conduction

caudad of it. At the dorsal cord, where in most cases it is not pos-

sible for us to demonstrate degenerative muscular paralyses de])end-

ing upon the segmental lesion and we are restricted to the sensibility,

the lower limit of the direct traumatic lesion cannot be determined.

We have now exhausted tlie sym])tomatology in cases of grave

though not (luite complete transverse lesion, of course only so far
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as this can be done in a general way, since every case will Lave

peculiarities of its own. The symptoms are somewhat modified

when the lesion of the cross section is comi)lete. In such cases,

even when the lesion has a dorsal or cervical location, the jiaralj-sis

remains flaccid and the tendon reflexes below the injury- continue

permanently absent despite the occurrence of a de'scending degenera-

tion of the pyramidal tracts and although the himbar enlargement

and the peripheral nerves and muscles are intact. This was first

observed by Bastian and was subsequently confirmed in many cases,

especially of traumatic injury, and was rendered quite certain from an

anatomical point of view by the writer. The cutaneous reflexes may
also be absent in such cases, though this is not quite so certain, and

the plantar reflex especially is often very resistant. The bladder in

total transverse lesions is in the same state as it is in lesions of the

lumbar cord, even when the traumatism has its seat in the dorsal or

cervical portion. Bedsores usually develop rapidly. The differen-

tiation of these cases of lumbar-cord lesions is of course possible from

the extent of the sensory and motor disturbances. Besides, the re-

action of degeneration is absent in the legs affected with flaccid pa-

ralysis ; but the electrical irritability is usually reduced.

When the transverse lesion is incomplete it is obvious that both

the segmental symptoms and those of interrupted conductivity may
be only imperfectly developed. As a rule, however, the motor dis-

turbances are distinctly present and corresiDond to the level of the

lesion, while the sensory disturbances are not manifested until we
reach a point much farther down ; for instance, in dorsal-cord lesions

they can be first demonstrated only on the legs or they may be lack-

ing altogether. In these cases the vesical disturbances may also be

but slight. The tendon reflexes, in so far as their arch is situated

below the lesion, are probably always increased ; whether they may
possibly be absent even in slight contusions of the dorsal or cervical

cord, as Babinski has demonstrated for very light chronic compres-

sion in these regions, seems to me doubtful.

When only isolated portions of the transverse section, especially

of the gray substance, are injured, the symptoms may of course be

still more restricted ; for a study of these the reader is referred to the

remarks under haematomyelia.

As to the changes in the vertebral column the most important

points have been stated above. It will be sufficient here to empha-

size again that they are often altogether absent or cannot be demon-

strated because careful examination for them is not feasible. Marked

projection of one of the spinous processes is found most commonly

in luxations; usually it is the vertebra above the projection, some-
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times the one below it, that is displaced, but not the one whose spine

protrudes. When the lesion is clearly demonstrable, for instance, in

the dorsal region, the ansesthesia will generally begin about three

spinous processes below it. This depends on the fact that the limit

of the anaesthesia is caused by the lesion of the adjoining segment of

the dorsal cord occurring at the level of the injury of the vertebral

column. But the fifth vertebral spine, for instance, is opposite the

seventh dorsal root, which does not emerge until below the body of

the seventh vertebra, opposite the space between the sixth and seventh

spines. The fifth and sixth dorsal roots passing under the seventh

dorsal segment to their points of emergence from the vertebral canal

are usually not imj)licated in the injury. But since according to

Sherrington the sixth root helps to innervate a portion of the cutane-

ous region of the seventh, and complete anaesthesia occurs only in

the region of the seventh root when the former is destroyed, we
find in such a case of lesion of the seventh dorsal segment that dis-

tinct sensory disturbance begins only in the region of the eighth root,

and the limit of the sensory disturbance is displaced still another

spine below the vertebral lesion, hence altogether about three spines.

Only when, as happens in rare cases of very serious vertebral injury,

the limit of the anaesthesia and the vertebral lesion difi'er by but a

single spine or are even at the same level, we are forced to assume an

associated injury of the extramedullary roots situated at the level of

the lesion or perhaps a hemorrhage into the cord, or an oedema reach-

ing above the seat of the lesion.

In stab wounds of the cord, even when the lesion as usual involves

merely one-half of the cord, a paraplegia will always exist below the

jjoint of the lesion owing to hemorrhage and oedema on the other

side. In general, with great longitudinal extent of the injury, the

segmental symptoms in these cases are apt to be slight. Subse-

quently the picture of a unilateral lesion of the cord will very fre-

quently develop, and it is these cases of injury in particular in which

Brown-Sequard's symptom complex shows itself in a pure form. In

tyi)ical cases of the kind, for instance, in right unilateral injury of

the dorsal cord, a right motor paralysis will be present. The latter

is nearly always of a spastic tyi^e and the tendon reflexes are in-

creased to a clonus, though a few cases have been described in which

they were absent. On the paralyzed side the muscle sense and the

sense of position have disappeared. As a rule the whole side is

markedly hyperaesthetic. On the non-paralyzed side all qualities of

sensation maj' be absent or only the sense of pain and temperature.

Slightly below the level of the lesion there is iisually on the para-

lyzed side a small zone of anaesthesia and above it a still smaller zone
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of hj'peraesthesia ; on the ansesthetic side we also find occasionally a

narrow liypersesthetic zone above the anaesthesia.

When the unilateral lesion is situated in the ujjper dorsal and

lower cervical cord, for instance on the right side, the pupils and pal-

pebral fissures will be contracted ; the muscles of the hand and some

of those of the right forearm undergo flaccid paralysis and atrojjhy

;

the ulnar side of the arm may be anaesthetic; in the middle of the

arm possibl}^ a small strip of hypersesthesia may be present. The
trunk and leg on the same side present the same conditions as in

unilateral lesion of the dorsal cord, on the ojjposite side sensation is

absent from the second intercostal space down. A tyijical case of

stab wound at this level has recently been described by Jolly.

While the explanation of the motor symptoms in unilateral lesion

and of the disturbance of the reflexes presents no difficulties, the

same remark applies with even greater force to the crossed anaesthesia

of the non-paralyzed side. Though it is certain that a part of the

posterior root fibres decussates soon after entering the cord, still

anatomy thus far has not proved that there is a decussation of

all sensory pathways with the exception of those for the muscle

sense which is disturbed on the injured side. Brown-Sequard, who
in opposition to Schiff formerly maintained the view of a complete

decussation of all sensory pathways, abandoned it in the last years of

his life and became an advocate of Schiff 's theory, according to which

there was an inhibitory effect of the lesion upon the sensory path-

ways of the opx)Osite side. The anaesthetic zone on the side of the

lesion and about the level of the latter is easily interpreted as a result

of a direct injury of the posterior roots, as is the superimposed zone

of hypersesthesia as a consequence of an irritation but not a paralysis

of the uppermost posterior roots of the injured side. In harmony

with our views gained by Sherrington's experiments is the fact that

this zone of anaesthesia occurs only when the traumatic lesion in-

volves several segments. Inexplicable, however, is the hyperaesthesia

of the entire paralyzed side. Hence we must be content at present

with the fact that the occurrence of Brown-Sequard' s symptom com-

plex is not rare.

An illustrative case with the symptoms of a unilateral lesion at

the level of the dorsal root was observed some years ago by Charcot

after injury of the cord by a pistol bullet. The anaesthesia at the

ulnar side of the forearm which could be ascribed to the segmental or

root lesion affected only the sense of pain and temperature. The

case therefore strongly recalled one of syringomyelia.

When, in very serious but on the whole ciuite rare cases, the spinal

canal and the cord have become infected, an ascending progressive
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inflammation will manifest itself by corresponding pain, rigidity of

the back and nucha, and eventually by cerebral symptoms. An ab-

scess in the region destroyed by traumatism can produce no new
symptoms. In these cases fever will set in, which otherwise is very

rare in cord lesions, aside from those located high in the cervical cord,

or which is due to complications such as cystitis, pyelitis, and hypo-

static pneumonia.

Course, Duration, and Termination.

The process in the cord is not always, even aside from true infec-

tions, complete with the cessation of the traumatism. On the con-

trary, in most cases probably a capillary hemorrhage or an CBdema

spreads upwards and downwards for some time after the injury.

Since in approximately total transverse lesions such an eccentrically

extending hemorrhage or oedema cannot produce new clinical symp-

toms below the injured cross section, the impression is gained in

these cases that the morbid process advances only upwards. In such

cases as have been observed particularly by Thorburn, one segment

after another above the lesion is gradually attacked ; at first perhaps

only the hand muscles are paralyzed, then those of the forearm,

finally those of the upper arm and shoulder. The limit of the anaes-

thesia extends in like manner by degrees higher and higher. For-

merly these processes were designated as progressive so-called trau-

matic myelitis ; but in uncomplicated cases there is no ground for

assuming the presence of an inflammation, the after-hemorrhage and

the oedema explain everything. If the patient continues to live, these

symptoms which are not directly dependent upon the contusion of

the cord again recede.

In the beginning the morbid picture of the cord lesion, at least

in grave contusions, is complicated by the general shock, which

in itself sometimes causes the death of the patient. To the same
condition was formerly also ascribed the absence of the tendon re-

flexes soon after the injury, even when this was located in the dorsal

or cervical cord, especially in cases in which the reflexes reappeared

in a few days and then rapidly increased. It is just as likely, how-

ever, that in these cases there was at first a "complete interruption of

conduction in which naturally the tendon reflexes were absent, and that

this retrogressed so as to be only partial by the end of a few days.

Death is the most frequent termination of such serious injuries of

the cord. When a lesion involves the cervical cord close to the base

of the skull—for instance, in luxation of the atlas—and reduction can-

not be at once eff'ected, or if the injury to the cord is very serious
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death will rapidly and sometimes immediately follow the accident.

This is the case also when the region of the phrenic nuclei is directly

involved.

Death by asphyxia occurs early, usually a few days after the in-

jury, when the seat of the lesion is high—for instance, in the upper

dorsal cord—and the secondary oedema or the after-hemorrhage in its

upward spread involves more and more of the centres for the auxili-

ary muscles of respiration and finally also the phrenic nerve. Rela-

tively as rapid is the effect of an infection with meningitis and abscess

formation or of some other intercurrent disease, especially j)neu-

monia. In the great majority of cases, however, the patients survive

for some time after the injurj^ and do not succumb until weeks or

months later to various com j)lications, most frequently bedsores, then

cystitis, pyelitis and nephritis, or jDneumonia, finally also general

marasmus. These secondary morbid phenomena of course predomi-

nate in the later periods of the disease, after the recovery from shock.

Along with them all the indirect sequelae of the traumatism—muscu-

lar atrophies, contractures, etc.—may have sufficient time to develop.

A fatal issue therefore is nearly inevitable in all cases of grave in-

jury of the cord, and the only question is as to the time which intervenes

between the lesion and the lethal termination. In general it may be

said that life is jeopardized the more seriously and rapidly the higher

is the location of the lesion and hence the more extensive are the func-

tional disturbances caused by it. A lesion of the lumbar cord there-

fore is at first least dangerous to life, but subsequently it becomes

more so than one involving the dorsal cord, owing to the disturbances

of the bladder which are usually serious. Lesions of the cervical

cord are nearly always rapidly fatal. Injuries of the cauda equina

per se do not endanger life.

The prognosis depends also upon the extent of the lesion in the

cross section. Total transverse lesions in which every function below

the injury has ceased are more rapidly and more surely fatal than

partial lesions, be the intact portion of the cross section ever so

small. Still, however common a fatal termination may be in grave

traumatisms of the spinal cord, it is not absolutely inevitable even in

the most serious cases. Thus, for instance, Egger has described a

case of total transverse lesion in the upper dorsal cord in which the

patient lived for eleven years. Improvement of course did not occur

in this case. When, however, the actual lesion of the cross section

is partial from the first, the prospects as to life are of course much
better, and a number of patients have been saved, for instance, after

unilateral lesions caused by knife thrusts. Even marked improve-

ment may occur in such cases, and all the symptoms due to slight
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sanguineous or cedematous infiltration of the cord may retrogress.

As a rule in such cases of lesion of the dorsal cord the sensory dis-

turbances and those of the sphincters maj^ retrogress and a spastic

paralysis persist; in lesions of the lumbar cord a permanent flaccid

paralysis in more or less extensive muscular regions would remain.

A termination in complete recovery has also been reported in iso-

lated cases of cord lesions. Nowadays, however, we do not believe in

recovery after true lesions of the cord, and in such cases there was

probably only a hemorrhage into the spinal meninges with com-

pression.

Diagnosis.

The diagnosis of a lesion of the spinal cord per se is in most cases

easy. Given the above-cited causes—knife thrust, gunshot wound,

direct or indirect traumatism by blunt force—followed by more or

less extensive paraplegia with perfect exemption of the brain, the

diagnosis of a cord lesion is probably always imperative. In these

cases we do not even require the demonstration of the vertebral in-

jury, though the latter will materially strengthen the diagnosis.

It will often be difficult if not impossible to differentiate a hfema-

torrhachis with compression of the cord from a true traumatism.

With hemorrhage into the spinal meninges the pains and the rigid-

ity of the back are said to be more marked than with actual contu-

sion of the cord ; but these differences will be of little avail, since a

lesion of the cord will rarely occur without hsematorrhachis. The
final termination in complete or almost perfect recovery will always

point to a hemorrhage into the meninges. Moreover, hysterical

and especially traumatic-hysterical paralysis may occasionally cause

confusion for a short time. In the first place, however, traumatic

hysteria has usually a period of incubation ; it does not occur until

days after the injury. Secondly, monoplegias are more frequent in

it than paraplegias. Thirdly, the sensory disturbances do not corre-

spond to those observed in cord lesions, but are distributed to other

points determined by psychical conditions. Thus, in the hysterical,

a segment of a member is an entity ; if the whole arm is paralyzed it

is also quite anaesthetic ; if it is paralyzed only to the elbow the an-

aesthesia likewise reaches onlj^ to the same point, etc. Finally, in

hysteria there is an absence of all serious complications, such as

bedsores, cystitis, and marasmus.

With reference to certain therapeutical questions, it would be of

special importance if we could say in a concrete case whether the

paralyses present dej)end upon a persisting compression of the cord

by the displaced spinal column or by isolated splinters of bone, or
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whether they are due solely to the destruction of the cord caused by

the traumatism. It should be stated iu the first place that even the

gravest contusions with complete and permanent interruption of the

cross section may occur without lesion of the vertebral column, and

furthermore that while at the moment of the accident the cord may
have been bruised by a considerable displacement of the body of the

vertebra, this displacement may have been at once spontaneously re-

duced. A continuous contusion is most x^robable of course with the

persistence of a marked deformity of the spinal column, but even then

it is not necessarily present, since the vertebral canal leaves compara-

tively much room to the cord and the latter may adapt itself to pro-

nounced deformities of the spinal column. Obviously in these cases

likewise, when the displacement occurs rapidly, the cord at the point

of the dislocation may be not simply compressed but may be

disintegrated. On the other hand, lesions of the spinal column, par-

ticularly of the bodies of the vertebrae, are often not at all demon-

strable during life, and, therefore, in the absence of a perceptible

deformity we can never assert that none of the vertebral bodies or a

splinter from them is pressing on the cord. In short, in not a single

instance can we really assert a continuous compression of the cord by

bone nor can we quite exclude it.

A diagnosis of injury of the cord alone is not sufficient, for it is

essential to know at what level the cord is injured, in other words to

make the segmental diagnosis. Of course this is easy when a dis-

tinct deformity of the spinal column is present. In that case we

need but ascertain opposite which spinal segment the injury in

question is situated, and on careful determination of all the morbid

symptoms of the patient we shall always find that the symptoms dis-

covered correspond to the injured point. We have seen above that

in such cases of injury of the dorsal cord the limit of the upper

level of the anaesthesia, when the transverse lesion is total, usually

lies considerably below the point of spinal deformity—the difference

is about three vertebral spines—and we have also found the ex-

planation of this variation which at first sight appears striking.

As this is a matter of importance, we may repeat here that it is due

in the first place to the fact that in traumatism, as a rule, only

the single spinal segments and the roots emerging from them are

injured, but not the roots derived from higher segments and merely

situated alongside the damaged cord; secondly, to the fact that,

in the dorsal region in particular, the roots from their origin to

their emergence from the spinal column have to pass a long way, cor-

responding to the height of two vertebral bodies ; and thirdly, to the

fact that while every cutaneous region is chiefly supplied by a special
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root, the immediately adjoining upper and lower roots participate in

the innervation (the upper alone here enters into the question), and

not until all these roots are destroyed is marked anaesthesia found in

the corresponding region. Thus, given a lesion of the cord at the

level of the fifth dorsal vertebra, the seventh dorsal root will be in-

jured at its emergence from the spinal canal, but not the fifth and

sixth dorsal roots which at this point have an extrameduUary situa-

tion; but as the sixth dorsal root helps to supply the region of the

seventh and complete anaesthesia occurs only with lesion of the latter,

the limit of anaesthesia in such a case will be found at the upper mar-

gin of the cutaneous region of the eighth root, that is, three vertebrae

below the seat of the injury. If, however, the limit of the anaes-

thesia lies only the length of a single spinous process below the

vertebral injury, we have to deal with the rare case of a simultane-

ous lesion of cord and root; then the vertebral injury is generally

very serious.

At the cervical and lumbar cord these apparent discrepancies be-

tween vertebral lesions and limits of the anaesthesia are not so clearlj'

manifest owing to the different and much more complicated arrange-

ment of the functional regions of the several segments ; still even there

we must of course bear in mind that according to Sherrington's law

(p. 579) a lesion which destroys, say, the seventh cervical segment, will

produce marked sensory symptoms only in the region of the eighth.

The segmental diagnosis is altogether different and far more difii-

cult when there are no evident deformities of the spinal column.

But even in such a case it will be possible when the cord lesion is

total in at least one segment, which is probably always the case in

grave contusions. Then it becomes necessary to determine accurately

the extent of the anaesthesia and of the mascular paralyses and, when
the cervical or lumbar enlargement is involved, especially the atrophic

muscular paralyses. Eeference being made to the above table, it will

be found which highest segment of the cord is to be considered as

injured in the presence of such sj^mptoms. Here again the rule must
be followed that in general the lesion is to be located in the segment

in question or in the corresponding roots at their emergence from the

canal, but not in the roots in their extrameduUary course in the canal

;

besides, the lesion must be situated in the highest segment implicated

in the respective case. To recapitulate the facts in the inverse order,

if in a concrete case we find a total anaesthesia in the cutaneous region

of the eighth dorsal root, the seventh, according to Sherrington, must
likewise be affected, and the seventh dorsal segment is opposite the

fifth dorsal spinous process. In a similar manner the level of the

segment may also be determined in cervical and lumbar lesions and,
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as above stated, from the extent of the atrophic muscular paralyses

we may deduce the inferior limit of the traumatic lesion j^roper.

In the absence of vertebral deformity and when the lesion of the

cord is only partial, a segmental diagnosis of the lesion is impossible.

In these cases, e.g., in lesions high up in the dorsal cord, the anaes-

thesia may begin only in the legs or be entirely lacking. For the

segmental diagnosis in the dorsal cord, however, we require especially

the limit of the anaesthesia, since muscular paralyses with atrophy

are not at our disposal. Again, in partial lesions in the cervical and

lumbar enlargements which usually furnish us some guiding points

as to their level, the important muscular paralyses may be so scat-

tered and incomplete that the location of the injured segment cannot

be recognized from them, at least not with certainty.

A few Avords may here be added about the prognostically impor-

tant possibility of a differentiation of injuries of the conus meduUaris

and the cauda equina. When there is a distinct spinal deformit}^

which is situated below the second lumbar vertebra, the cauda alone

can be injured, as the cord does not extend so far. But otherwise

a positive decision is usually very difficult, since in this region are

crowded into a narrow space the several segments of the lumbar and

sacral cord, as well as the extrameduUary roots, and the sacral por-

tion of the lumbar enlargement, for instance, is accompanied not only

by its own but also by all the roots of the lumbar plexus. Ordi-

narily, in lesions of the cauda as well as those of the lower portion

of the lumbar enlargement, the lumbar roots are not implicated and

the functional disturbances are confined to the sacral plexus ; in grave

cases, however, all the roots of the cauda or of the sacral portion of

the cord with the passing roots of the lumbar plexus may be de-

stroyed, and in either case there is total paraplegia of the legs.

Under such circumstances a positive differentiation between lesions

of the cauda and conus is impossible. Of course the total paraplegia

may also be due to a complete destruction of the entire lumbar en-

largement. Evidently in caudal lesions there can be no combination

of an atrophic paralysis in the lumbar plexus {i.e., especially in the

quadriceps muscle) with a spastic paralysis in the sacral plexus

{i.e., in the leg and foot); this would lead us to expect a loss of the

patellar reflexes with clonus of the Achilles tendon. Such a group-

ing, therefore, will point positively to a lesion in the cord itself,

though it will certainly be very rare, in traumatisms in particular.

Besides, in caudal lesions the pains are of special severity and the

paralyses as a rule are not so symmetrical as in destruction of the

cord proper.

Is it occasionally possible for us to recognize early whether the
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lesion is partial or total witli reference to tlie cross section? We
have seen above that a unilateral lesion on\j is the common result in

stab-wounds. The lesion of the cross section is sure to be partial

when with clearly recognizable deformity of the spinal column the

extent of the functional disturbances does not correspond to the level

of the lesion, but the seusorj^ disturbances, for instance, remain far

below it. It is sure to be total when with lesions in the dorsal and

cervical cord the tendon reflexes remain absent beyond the time of a

possible effect of shock, and the paralysis of the leg continues flac-

cid. In all other cases only the further course will decide this

question.

In the preceding remarks the topographical relations of the sev-

eral vertebrae or their spinous processes to the several segments and

roots of the cord have been frequently spoken of. Vertebro-medul-

lary topography forms a most important chapter; for when these

relations are accurately knoAvn, we are able to localize a lesion of the

cord even when no injury can be discovered in the spinal column.

Such a diagnosis is demanded in the event of possible operative

interference. Since we have to rely upon the dorsal spines in deter-

mining the level at the vertebral column, the relations of these pro-

cesses to the several segments of the cord or to the sources of the

roots are of paramount importance, as are in a lesser degree the re-

lations of the spinous processes to the roots in their intervertebral

course, because in severe cases the extrameduUary roots may also be

injured.

These relations are complicated by two conditions. First, by the

more or less long intervertebral course of the roots from their origin

in the cord to their emergence from the vertebral canal. Only in the

uppermost cervical segments are the origin and emergence at the

same level ; farther down this relation changes more and more. At

the dorsal cord the difference corresponds to about the space occu-

pied by two vertebrae, and all the sacral nerves originate about oppo-

site the first lumbar process, while they emerge only from the sacrum.

These circumstances would render a local diagnosis very difficult

were it not, as repeatedly stated above, that experience has shown
that it is usually the cord itself and not the extrameduUary roots

which is destroyed by a traumatism, aside from special conditions

which are easily recognized. But this fact being known, they ex-

plain at once that in most cases of dorsal-cord lesions the limit of

the anaesthesia, even apart from Sherrington's law, must be located

far below the level of the bone lesion.

Moj'eover, the tips of the si)inous processes, which alone interest

us in this connection, are about opposite the middle of their respec-
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tive vertebral bodies only in the lumbar region. At the cervical por-

tion they correspond about to the lower edge of their bodies, at the

three upper dorsal vertebrae they correspond to the upper edge of the

body below; the fourth to the eighth dorsal spinous processes ex-

tend farthest down and correspond about to the middle of the next

vertebral body ; the last four dorsal i)rocesses gradually approach

again the lower edge of their own bodies.

The first three cervical processes are oi)i)Osite the segmental region

of the third, fourth, and fifth cervical nerves. The sixth cervical

nerve originates about in the interspace between the fourth and fifth,

the seventh nerve between the fifth and sixth cervical processes ; the

sixth process corresponds to the origin of the eighth cervical nerve,

the seventh process to that of the first dorsal nerve. In the thoracic

portion the processes correspond about to the roots bearing the next

two higher numbers; thus, the third to the fifth, the fourth to the

sixth, etc., the tenth to the twelfth pair. The first thoracic process

corresponds to the interspace between the second and third dorsal

root, the second to that between the third and fourth pair of roots.

The roots of the lumbar and sacral plexus are all between the eleventh

dorsal and the first lumbar spinous process.

The cervical enlargement, which ends at the first dorsal nerve in-

clusive, corresponds about to the spinous x^rocesses of the cervical

vertebrae ; the lumbar enlargement to the spinous processes of the last

two dorsal and the first lumbar vertebrae.

It should be added that there may also be considerable, individual

variations in the vertebro-meduUary topography. Thus, according

to Eeid, in some cases the process of the seventh cervical vertebra

may reach the lower edge of the eighth cervical segment; in others,

the upper edge of the third dorsal segment. In general, however,

after a positive segmental diagnosis, it will be possible to locate the

lesion correctly with reference to the corresponding vertebral proc-

esses by means of the schematic diagram above given.

Prognosis.

The prognosis of severe cord lesions is always very grave; in

the great majority of cases death follows. Cases which terminate

fatally at once in consequence of the injury, or soon afterwards of

asphyxia or of a septic infection, do not of course enter into the

prognostic consideration. Some guiding points as to the outcome

have already been implied in the discussion of the course. In gen-

eral it may be stated that the higher the seat of the lesion and the

more complete its transverse extent, the more surely and rapidly will
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death ensue ; in how far these circumstances may be diagnosticated

has been fully considered in the previous section. Serious injuries

of the spinal column also render the prognosis more unfavorable,

since they easily give rise to infection.

When convalescence and improvement occur, patients with lesions

of the dorsal cord are better off than those with lumbar lesions, be-

cause a spastic paralysis does not prevent walking, while a flaccid

paralysis does, and because the vesical disturbances are more severe

in lesions of the lumbar cord.

Unilateral lesions furnish a favorable prognosis quoad vitam unless

infection occurs. Luxations of the cervical vertebrae do so ovUy when
the cord has been but slightly injured and reduction has been prompt.

When the cord is damaged, immediate death is almost invariable.

Treatment.

A direct causal therapy is really applicable only in luxations of

the upper cervical vertebrae. If such a case has not been immediately

fatal, we may assume that the injury of the cord is merely slight and

after prompt reduction complete recovery may be hoped for. Great

care, however, is necessary, for not rarely it is precisely during

attempts at reduction that a fatal compression of the cord is effected,

for instance, by the breaking off of the odontoid process of the axis

or by this process when broken being forced into the cord. In cases

complicated with luxation and fracture, especially at the thoracic

portion of the spine, it is better to dispense with attempts at reduc-

tion, for they are almost never successful.

When asphyxia is present from the first or septic infection mani-

fests itself early, any treatment is of course hopeless and our object

must be to relieve pain when present, for which purpose morphine

should not b espared.

In most of the remaining cases it will be important to avoid grave

complications, especially bedsores and cystitis, and to preserve the

patient's strength as much as possible. Transportation of the patient

requires great care. His sacrum should rest on a water pillow ; the

heels and the region of the spines of the scapula which are also liable

to bedsores may be protected by special cushions. If bedsores de-

velop in spite of these precautions they should receive the best sur-

gical treatment. A frequent change of position of the patient with a

view to the prevention of decubitus is not advisable, since additional

lesions of the cord may be caused thereby if the vertebral column is

injured. Extreme cleanliness of the body is imperative, especially

if the patient is liable to soil himself. If catheterization is required,
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the most rigid asepsis must be maintained. The faeces, which are usu-

ally retained and very hard, had best be removed mechanically. The
diet should be very nutritious and free from stimulating substances

and those liable to cause flatulence. These simple hygienic measures
will suffice, in those cases in which it is at all possible, to give the

cord time to recuperate and to bring about a jjartial recovery when
the lesion is not total, or even complete restoration to health in sim-

ple compression from hemorrhage. In most cases, however, the fatal

issue is simply delayed ; ultimately bedsores develop in spite of our

efforts, and more often still cystitis, pyelitis and nephritis, or general

marasmus follows, and the patient finally succumbs to a hypostatic

pneumonia.

Owing to this hopelessness of the treatment in many cases, the

attempt has been made to improve the prognosis of the affection by
operative interference. On the whole, however, the results have been
but moderately successful, as might have been expected. Optimistic

views as to operative measures can prevail only when the relations

are imperfectly known. Let us consider what is to be effected by
an operation. We might aim at the removal of effused blood from
the meninges. But this is usually resorbed spontaneously, and hence

so serious a measure as a trepanation of the spinal column is hardly

justifiable. Or else we may have in view a reduction of a grave dis-

location which causes pressure upon the cord. Often, however, this

is not feasible even after trepanation, and the idea of making room
for the compressed cord by a laminectomy is erroneous because the

pressure on the cord is not caused by the arch but usually by the

body of the vertebra. The removal of a splinter of bone pressing

upon the cord would be rational, but we have seen above that

we can never positively recognize a permanent compression of the

cord by the spinal column after an injury, nor can we exclude it with

certainty. Hence the operation is always a step in the dark, and
even if we were fortunate enough in such a case to find a splinter of

bone compressing the cord—on the whole a rare occurrence—the cord

is apt to be so seriously damaged that a restoration of its function is

not to be expected.

As a rule, therefore, operation is to be rejected in cord lesions.

But there are two exceptions. Chipault has demonstrated that in

cases of fracture of an arch with slight injury of the posterior por-

tions of the cord, the removal of the fractured arch may be of decided

advantage. This is very plausible, and when such a fractured arch

is found its removal is to be advised. Moreover, injuries of the

Cauda equina present, according to Thorburn and Chipault, a favor-

able opportunity for operative interference. The fibres of the cauda
Vol. XI.—38
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equina behave like peripheral nerves ; even after serious and long-

continued compression the}^ maj^, when this is removed, become re-

stored by an outgrowth into the periphery of the central axis cjdin-

ders of the compressed nerves. Chipault advises, in the presence of

marked deformity below the second lumbar vertebra in which the

Cauda equina alone can be implicated, to operate at once unless ma-

terial improvement has already occurred. In the latter cases, how-

ever, as we have seen, the differential diagnosis between injuries of

the Cauda and those of the conus is often impossible.

At anj^ rate we must abstain from any operation when the symp-

toms indicate a total contusion of the cord. We know that this is to

be diagnosed when in cases of dorsal or cervical lesion with complete

anaesthesia the tendon reflexes remain permanently absent and the

paraplegia continues flaccid.

When convalescence sets in and progresses to some extent, a treat-

ment at some indifferent or thermal-saline spa, such as Teplitz, Wild-

bad, or Nauheim, will be suitable, together with massage, gymnastics,

and electricity.

LESIONS OF THE CORD FROM DISEASES OF THE
VERTEBRAE.

Spinal Caries.

History.

We are indebted for our first knowledge of the different forms of

paralysis occurring in caries of the spine, and dependent on an in-

volvement of the spinal cord, to Percival Pott, an English physician,

who first described the affection in 1779. For a long time the opinion

was unreservedly entertained that the spinal-cord symptoms in caries

of the spine were produced by a compression of the cord from the

bones involved, although clinical experience demonstrated verj^ early

that great deformity of the spine may occur Avith absence of any
lesion of the cord, that the symptoms of paralysis may disappear in

Pott's disease when no change has taken place in the deformity, and
thirdly that they may occur in cases in which no deformity has at

any time been present. When, therefore, a more careful histological

examination demonstrated later on that the extradural tissue and the

dura mater itself were usually involved in the tuberculous process,

and wlion furthermore there were found distinct changes in the spinal

cord itself which were looked upon as being of an inflammatory
nature, the inflammation thecn-y took the place of the compression
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theory ; a myelitis of the cord was spoken of in these cases—a com-

pression myelitis. This theory was ui^held especially by Charcot

and Michaud, and found adherents also in Germany. It was not,

however, accepted in its very beginning by all, and Kahler demon-
strated that the histopathological changes which were looked upon as

the result of inflammation might occur simply as the result of a col-

lateral oedema from slight compression. Striimpell disbelieves in

the existence of a compression myelitis, referring everything to the

result of mechanical compression, caused, not by displaced bone, but

by extradural fungosities. Erb takes a middle position. Latterly,

the work of Schmaus, to which we shall have occasion to refer fre-

quently in this article, has had a marked influence on the conception

of the pathogenesis of Pott's paralysis.

Pathological Anatomy.

Caries of the spine consists in a tuberculous disease of the bones
of the vertebral column. In by far the greater number of cases the

seat of the disease is in the vertebrae, generally in the spongy sub-

stance of the bodies ; much more rarely the disease originates in the

small articulations of the spinal column, and still more rarely the

vertebral arches are diseased. Macewen thinks that the disease may
occasionally remain behind in the arches after the more severe affec-

tion of the bodies has disappeared, and that the lesion of the cord
may be maintained from this point. In the cases mentioned by Mac-
ewen, we have probably not so much to do with a still active disease

of the bones as with fungosities on the posterior surface of the dura,

which have developed into cicatricial tissue, still capable of exerting

pressure.

If the caries should confine itself to the body of a vertebra, and
perhaps even to the centre of the latter, the process may go on to

healing without having at any time endangered the cord itself. As a
general rule, however, we do not meet with such a limitation of the
process. The latter extends through the intervertebral cartilages to

the next higher or lower vertebra, and also extends through the pos-
terior bony layer of the body, first causing a projection forwards of

the periosteum towards the dura, and finally perforating the former
and invading the extradural tissue, which consists mainly of fat. In
this situation a more or less extensive fungoid growth, containing

cheesy and purulent foci, will now be developed and will press against

the anterior surface of the spinal cord. Should the opening in the
bone be only a small one, the fungous growth may at first be attached
to the bone with a pedicle, like a mushroom, but afterwards it ex-
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panels farther in the subperiosteal or extradural space. Gradually

this fungoid growth encroaches on the lateral surfaces so as to em-

brace the cord in a semicircular ring—rarely the whole cord is sur-

rounded hj the tuberculous mass. The dura will also finally be in-

volved in the disease process, the outer layers of the membrane being

especially' affected ; the inner surface of the dura always remains nor-

mal. Hand-in-hand with this very gradually increasing extradural

and daral inflammation, an increasing deformity of the spinal column,

as gradual usually as the former, takes place. The diseased vertebral

body collapses, the portion of the spinal column directly above it

inclines forwards and so the gibbus, the kyphosis is formed. The
deformity is produced suddenly in very rare cases only, occurring for

the most part when some traumatism is inflicted upon a greatly dis-

eased spinal column. In such case the effect on the cord must of

course be altogether different; clinically a case of this sort will be

particularly marked, when a rapid breaking down of one or more of

the vertebral bodies occurs at a time when the extradural formation,

and consequently the functional disturbance of the cord, has been of

slight extent. Symptoms of paralysis may also appear suddenly

when by any chance a loosened sequestrum suddenly is placed in

a position to exert compression on the cord.

Caries is found most frequently involving the dorsal vertebrae,

next the cervical, not infrequently the upper cervical vertebrae, and

most rarely the lumbar and sacral vertebrae.

The tuberculous disease of the vertebrae may not only extend to

the vertebral canal, but a perforation may also occur externally.

When this is the case cold abscesses are either formed in the back by

the side of the spinous processes or else at the crest of the ilium, or

the so-called gravity abscesses are formed, of which psoas abscess

and retropharyngeal abscess are the most common. When evacua-

tion of the pus occurs in this way a grave disease of the bones may
finally heal; but such an evacuation is by no means always necessary

for a cure, which may take place by absorption of the diseased por-

tion, by a new formation of bony tissue, and by fibrous changes in

the fungoid masses. In rare cases these cold abscesses are in direct

communication by a small opening with an accumulation of pus in

the vertebral canal. In such case the pressure on the cord is not

made by the fungosities, but by the abscess, and the evacuation of

tlie pus externally may not only lead to the cure of the bony affection

but at the same time may cause the disappearance of the cord symp-
toms.

We now come to the changes which affect the spinal cord by this

disease of the bones and the iutravertebral tissues.
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If the compression of the sijinal cord takes place in an acute man-

ner, by the sudden breaking down of the vertebrae, the lesion of the

spinal cord may not be very different from that which is caused by

severe traumatic lesions, such as fracture or dislocation of the spine.

We then have to deal with a more or less extensive contusion and

effusion of blood into the cord. The only difference is that the le-

sion, there being of necessity much greater power necessary for the

destruction of a healthy spinal column than for that of a diseased one,

is generally not so great in the latter case as in the former. If the

patient survive, a cicatrix is finally formed at the place of contusion

;

the cord is left thin and flattened and frequently also bent. In un-

usually rare cases a gradual displacement of the bones may also lead

to a direct but slow compression of the cord by the bone itself. In

by far the greater number of cases, however, the injury of the cord is

the result of the subperiosteal or extradural fungous growth. The

special form of the lesion may vary. In the first place we may have

to deal with a simple, uncomplicated compression. The individual

elements of a segment of the spinal cord are more closely packed

together, the meninges may also become contracted, and the diame-

ter of the cord is thus reduced in the area of compression. On
transverse section the closely packed elements may be seen nearlj- in

a normal condition, and we find clinically that the functions of the

cord may again be fully restored after the removal of compression,

even when the latter has lasted for a long time. If the pressure has,

however, continued too long, certain lesions gradually make their

appearance. We find a swelling of the axis cylinder, destruction of

the meninges, extensive growth of blood-vessels, the appearance of

granulation cells, and finally also fungoid growths of the glia and of

the connective tissue. The final change here also consists in the for-

mation of a connective-tissue cicatrix and the destruction of more

or less of the nervous substance. A cure in such a case is impos-

sible, and improvement may be hoped for only in so far as we do

not have to deal with irreparable lesions. In rare cases, as above

mentioned, a cold abscess may exert a similar compression. In other

cases—and according to Schmaus these are by far most frequent

—

the lesion of the cord is not caused by pressure but by an arrest

of the circulation, due to the fungosities, with the result that finally

(probably because of compression of the veins coming from the cord)

an oedema occurs. This oedema, which at first only slightly affects

the nervous tissues anatomically (it may at the most occasion swell-

ing and destruction of individual nerve fibres) may nevertheless very

markedly affect the functions of the injured region, and not infre-

quently abolish them altogether. Should the causes of the conges-
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tion cease and the oedema disappear, tlie arrested function may be

again restored. This oedema may, as stands to reason, also make its

appearance rapidly, and even in a spinal cord which has up to that

time been in a perfectly normal condition ; in the same manner it may
rapidly extend from a circumscribed diseased region. These cases es-

pecially have given rise to the supposition that acute myelitis makes
its appearance in caries of the spine as a sequel to the more chronic

spinal-cord affection. The spinal cord does not of course become

narrowed in these cases, but may retain its normal volume, or even

become swollen. Its consistence remains soft. When the oedema

persists, definite anatomical lesions may result. The swelling and

destruction will involve more and more nerve fibres, the ganglion

cells even not escaping; the place of the destroyed nerve tissue is

taken by granulation cells, the blood-vessels increase in number, and
small-celled infiltration of the connective tissue may even take place

;

finally the whole of the cord substance becomes softened and escapes

readily on section, a small ribbon of nerve substance immediately

below the pia alone remaining intact. If now the softening process

does not extend to other regions, the disintegrated cord substance

may gradually become absorbed, the remaining portion, which usu-

ally consists of fungating glia and normal connective tissue, comes in

contact. In the enormously shrunken cord substance, which is some-

times flat as a ribbon, we can hardly ever find even remnants of nerve

tissue on section. Naturally the final destruction may in this case

involve only a portion of the cross section, and a partial recovery

of function may result from the disappearance of the oedema in the

other parts.

In short, we have to deal in by far the greater number of cases of

disease of the spinal cord accompanying caries of the vertebras with

either a simple compression or oedema, and when this condition has

been of long duration, with destruction, softening, and cicatricial for-

mation. A true myelitis, however, is not present in these cases, and
what has been regarded as such, clinically and anatomically, has usu-

ally been the result of a more or less rapid oedema or of compression.

Ischremic or anaemic softening from the occlusion of blood-vessels

of the cord, in spinal caries, is looked upon by Schmaus as of very

rare occurrence ; it may, however, under certain circumstances occur.

Furthermore, according to Schmaus, the oedema is not always neces-

sarily a simple one, caused mechanically, but there may also occur

an inflammatory oedema containing toxins which may themselves oc-

casion a true myelitis. This occurrence is, however, up to the pres-

ent a purely hypothetical one.

As has been mentioned above, it is only in very rare cases of ver-
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tebral caries that perforation of the dura with extension of the fungoid

inflammation to the pia occurs. If it does take place, a true myelitis

may follow, but it will then be of a tuberculous form. Raymond
indeed regards this as a not very infrequent occurrence. Oppen-
heim in one such case has also observed a disseminated tuberculous

myelitis. We need only mention that rare cases of tul^erculous pachy-

meningitis externa have been observed in which the bone itself was

not involved. The effects on the cord and the clinical symptoms may
in this case be the same as in caries of the spine, but deformity will

be absent.

In severe lesions of the cord, ascending and descending forms of

degeneration will of course make their appearance. The spinal

nerve roots which jjass through the region of the fungoid inflamma-

tion are subject to the same injuries as the cord, although they are

more resistant than these. They may thus, for example, be sim-

ply compressed as they emerge from the spinal canal, or may be-

come oedematous. In either case, if the bone affection progresses,

they become degenerated or disintegrated. A direct inflammatory

process may occur much more readily in the nerve roots than in the

cord. The muscles which are dependent on the diseased portion of

the cord or on the diseased anterior roots will then become degen-

erated and atrophied.

Etiology.

Caries of the spinal column occurs in both sexes with equal fre-

quency. It is as a general rule a disease of early life and especially

of childhood. It rarely makes its appearance before the fourth year

of life, but occurs quite frequently about the time of puberty. How-
ever, it does not respect even old age, and the first case which the

writer (Bruns) had the opxjortunity to observe closely was that of a

woman about sixty years of age ; he has met with a number of cases

between thirty and forty years of age. Gowers indeed holds that

tuberculosis of the spinal column is the most frequent form of tuber-

culosis occurring during the second half of life.

Caries of the spinal column is a tuberculous process, and we often

find in these patients other tuberculous foci, especially in the lungs

or in other bones and joints and in the lymphatic glands. Occa-

sionally caries of the spinal column occurs as an isolated lesion. A
general miliary tuberculosis makes its appearance late, if at all, after

the disease has existed in the bones for some time.

Frequently a traumatism, especially one of the spinal column, is

asserted as the cause of caries, and it is certain that the latter is

often brought to light as a sequel of such injury. Either latent
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tuberculous foci were already present in these vertebral bodies, and

were incited to more rapid growth by the injury, or else the tubercle

bacilli, probably already present in the organism, found in the in-

jured parts favorable conditions for growth. In either case the trau-

matism is therefore only a remote cause of the spinal caries.

Symptoms.

The symptoms of Pott's disease may be divided into those refer-

able to the diseased vertebrae, to the affected nerve roots of the spinal

cord, and to the spinal cord itself. As a general rule they also follow

this order in their appearance. It may be stated in advance that

fever may also be present in all the stages of tuberculous caries of

the spine, as in all other tuberculous affections. Its degree may vary

greatly, and it may be absent altogether.

Disease of the vertebrae makes itself known in the first instance

by pain. The pain is not always correctly located by the patient,

and it is then necessary to trace it to its origin. Pressure should be

made with the finger tips on the spinous processes, or better still an

attempt may be made to displace these laterally ; this usually causes

excessive pain. The seat of the disease may also reveal itself by
great tenderness when a hot sponge is passed over the spinal col-

umn. The method of eliciting pain by violontly striking the skull

is rather rough, and besides does not always clear up the question

as to which vertebrae are involved, as the patient is seldom able to

localize the pain produced in this manner. As we meet with tender

vertebrae also in hysteria and neurasthenia we must especially en-

deavor to exclude these diseases. As a general rule the pain in these

diseases is not so localized, and it is also not so dull, deep-seated,

and persistent; its seat is especially in the skin, and it is not in-

creased by firm pressure. The pain is of course increased by motion.

The patient seeks to avoid this and therefore holds his spinal column
as rigid as possible. This stiffness or contracture constitutes the

second symptom of vertebral disease. The symptom is most marked
in the cervical portion of the spinal column, which has the greatest

mobility in health. Here the patient supports his head as much as

possible with his hands, when lying down or rising, in order to pre-

vent even the slightest movement of the vertebrae. Not infrequently

the head is also carried somewhat flexed and turned to one side so as

to remind one of torticollis. If the seat of the caries is in the dorsal

region of the cord, the patient, when attempting to pick up something
from the floor, does not incline the trunk forwards, but bends his

knees, at the same time holding the trunk i>erfectly straight. Cough-
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ing and sneezing, as well as all jarring of the body, may increase the

pain greatly.

The most characteristic symptom finally is the deformity of the

spinal column, the acute angular kyphos or gibbus. It is chiefly

met with in the dorsal region of the si)ine. Eachitis and other dis-

eases of the vertebrae, excepting traumatisms, do not produce it. It

is formed by the collapse of the body of one of the vertebrae, so that

the spine above inclines forwards and the spinous jjrocess which lies

above or below the diseased part, usually the lower one, strongly

protrudes. The protrusion is most marked if only one vertebra is

destroyed; when more are involved the kyjDhos is more rounded.

The spinal column may be occasionally deflected to one side. It

must, however, be specially observed that kyphosis frequentlj^ oc-

curs only very late, after the lesion of the spinal cord has already

reached its full height, and that it may be absent during the whole

course of the disease. The cold abscesses and other neighboring

affections which may be present as complications have already been

discussed.

The nerve-root symptoms which may accompany caries of the

spinal column may be dependent on lesions of the posterior as well

as of the anterior roots, and are therefore sensory and motor in

character. In both regions we have accordingly to distinguish be-

tween irritative conditions and conditions of paralysis—that is to say,

between pain or hypersesthesia and anaesthesia in the sensory field,

and between spasms and generally flaccid paralysis in the motor.

As a rule the sensory symptoms predominate over the motor, and in

the former the symptoms of irritation again predominate over those

of paralysis. Pain or hypersesthesia is usually present in certain

skin areas, but a marked anaesthesia, which may be referred wholly

to the lesion of the vertebrae, is much more rare. Spasms have in-

deed been observed in pure root lesions but they are very rare. The
paralysis and atrophy due to an affection of the anterior roots appear

as a rule only late and very slowly and gradually, taking a pretty long

time before they become fully developed in a certain muscle. It is

doubtless because of this slow course that we are only rarely able to

demonstrate a complete reaction of degeneration in the affected mus-

cles
;

generally we have to deal with only quantitative changes of the

electrical excitability—that is to say, a lowering of the latter which

gradually becomes lost. We can understand this from M'hat we know
at the present time of the extensive anastomoses of the spinal-cord

roots in the plexuses and in the peripheral nerves—anastomoses

which lead to the supply of each muscle and skin area by at least

three roots ; and of the demonstrated fact that complete anaesthesia of
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anj skin area and marked paralysis and atropliy of a definite region

can obtain only when all the posterior and anterior roots supplying

the part are injured. For the occurrence of pain or hypersesthesia

in a certain skin area or for the appearance of spastic symptoms in

certain muscles, the irritation of one of the roots involved is quite

sufficient ; but for the production of anaesthesia, or of paralysis and

atrophy all must be markedly injured. The sensory and motor root

symptoms are confined in their localization to the diffusion of the

individual roots of the spinal cord, they will not therefore correspond

to the area of diffusion of the peripheral nerves. We cannot stop to

study this more in detail here, but what is most necessary has already

been said in the chapter on injuries to the spinal cord.

The pain is generally tearing, lancinating, or it may be a violent

burning sensation ; the anaesthesia involves all the forms of sensation

equally.

In rare cases trophic disturbances of the skin belonging to that

area are induced by the affection of the nerve roots of the spinal cord.

Most frequently herpes zoster is present, but a variety of pemj^higus

has also been observed.

In a special sense, the grouping and localization of the root symp-

toms is of course dependent on the seat of the caries as regards the

longitudinal axis of the spinal cord. In the most frequently occur-

ring site of caries in the dorsal region of the spinal column marked

motor symptoms depending on root lesions are not prominent, and

only when the seat of the disease is prett}^ deep a paralysis of the

abdominal muscles might occur. The girdle j)ain involves one-half

or the entire circumference of the thorax at any height; it does not

confine itself to an intercostal space but takes its course according to

the root areas, running horizontally around the chest, thus crossing

a number of intercostal spaces. If anaesthesia and herpes zoster are

both present they will be found in the same area. When a gibbus is

present, the pain is always felt, most markedly at least, two spinous

processes below the former. If the upper dorsal and lower (seventh

and eighth) cervical nerve roots are affected by the caries, the pain,

p ssibly anaesthesia, and later herpes, will be situated on the ulnar

side of the arm and forearm and probably the hand; the flaccid

atrophic paralysis involves the small muscles of the hand and the

extensors and flexors of the fingers and hand. Painful tonic spasms
in these muscles have also been observed in cases of lesion of the an-

terior roots. An affection of the first dorsal root causes a contraction

of the pupil and a narrowing of the palpebral fissure, which are espe-

cially noticeable when unilateral. If the upper roots of the cervical

enlargement are affected, the seat of the pain will be in the shoulder
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and arm ; any angestliesia present will involve the radial side of the

arm. Paralysis and atrophy will be found in the deltoid muscle,

biceps, brachialis internus, supinator longus, infraspinatus, and per-

haps in some other muscles of this region. The root symptoms in

tuberculous disease of the upper cervical vertebrae, which is not very

rare, are quite characteristic. The pain is here experienced in both

occipital nerves. A unilateral atrophy of the tongue has occasionally

been observed in these cases by the* writer and others. In the same

manner the accessory nerve may also be injured and a paralysis of

the sternocleidomastoid and the trapezius may occur. The writer

(Bruns) once observed in a case of displacement of the upper cervical

vertebrae, in addition to a paraplegia, an aphonia so complete that it

could not be explained wholly by the paralysis of the muscles of res-

piration. As a rule, the small muscles, which are concerned in the

movements of the head, are also paralyzed.

When the seat of the lesion is opposite to the upper portion of

the lumbar enlargement, the root symptoms, pain, perhaps anaesthe-

sia, and possibly zoster, if present, have their seat on the anterior

surface of the legs ; the paralysis and atrophy involve the crural and

obturator muscles and those supplied by the peroneal nerve. Should

the lesion be situated in the lower portion of the lumbar enlargement,

the pain will be felt in the ischiatic region, over the posterior surface

of the legs, in the perineum, and in the genitals; anaesthesia and

atrophic paralysis of the muscles of the calf, of the crural flexors, and

of the muscular tissue of the perineum may also occur. In lesions

of the Cauda, the sacral roots only are usually affected, but the lum-

bar muscles may also be involved.

To recapitulate : The root symptoms, especially the most common
one, pain, may be of variable intensity and duration in cases of spinal

caries. They are on the average of moderate intensity, more mod-

erate than in other diseases of the vertebrae, especially than in car-

cinoma. They may be, however, of quite extraordinary intensity or

they may be absent during the whole course of the disease. As a

rule they do not exist alone for any length of time without marked

bone or spinal-cord symptoms. They usually follow the signs of

disease of the bones, and precede the cord symptoms ; not very in-

frequently they are not seen until after marked symptoms of com-

pression of the cord have appeared. They are nearly always bilateral.

As a general rule they are more frequent, more violent, and more dis-

seminated in disease of the lumbar and sacral roots, and especially of

the Cauda equina, than in caries of the spinal column of the thorax.

Caries of the cervical vertebrae is also more painful than that of the

dorsal spine. The symptoms which occur from the involvement of
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tlie cord itself in vertebral caries are depeDdent on the functional dis-

turbance of those parts which are directly attacked by the lesion, and

on the interruption of communication in the parts of the spinal cord

which lie below the site of the lesion. As the functions of the single

segments do not differ from those of the roots which lead from them,

the symptoms due to lesion of the cord itself at a point corresponding

to the seat of the caries do not materially differ from those due to

injurj^ of the nerve roots emerging at the same level, especially if the

roots are involved just as they arise from the cord, as is usually the

case. We therefore have to deal in the motor area with a flaccid

paralysis accompanied by atrophy and loss of the tendon reflex, in

the sensory area with hypersesthesia or anaesthesia. If the root symp-

toms have been verj- pronounced before the cord itself has become

involved, the subsequent implication of the cord will not be marked

by the occurrence of any new symptoms in the area dependent on the

affected segment. As a general rule, however, these symj^toms will

not be of so high a degree in a lesion of the roots, and we may, there-

fore, since the roots are generally more resistant to injury than the

cord, refer the occurrence of marked paralysis and atrophy and dis-

tinct anaesthesia rather to a lesion of the cord than to one of the roots.

This applies, however, only in a general way, and in special cases we

shall meet with all kinds of irregularities. If both root lesions aud

segment lesions are present, it will hardly be possible to refer the

individual symptoms to one or the other, although violent pain

is probably always due to irritation of the root. As the segment

symptoms are produced by the direct injury of the cord at the site of

the fungoid growth, they are located higher up than the root symp-

toms, and we may conclude from them as to the height of the lesion

and its upward extension; always, of course, provided there is not

some functional disturbance of the cord above the site of the com-

pression. The grouping and localization of the functional disturb-

ances due to the segment lesion of the cord are tlie same as those

caused by the lesion of the corresponding roots, which we have de-

scribed above.

The functional disturbances of those areas which are dependent

on the portion of the cord lying below the lesion are due to the more

or less complete interruption of the conduction of the cord by this

lesion. They are in their way always the same, only differing accord-

ing to the height of the compression. They are the only symj^toms

which justify the conclusion that the cord is itself involved in the

disease process, for, as regards the sym])toms referable to the site of

the compression, we frequently are unable, as before mentioned, to

decide whether we are dealing with cord or with root symptoms.
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When, liowever, the roots alone are involved, there is no interrux)tion

of conduction in the cord. The symptoms of interruption of cord
conduction consist in disturbances of motility, of sensibility, of the

reflexes, and of the sphincters. The paralysis is not combined with

atrophy and disturbances of electrotonus, and it is nearly always
spastic, both of which characters are in contrast to the x^aralysis

which is directly produced at the site of the compression. Sensibility

is usually equally disturbed in all its forms, if it is affected at all.

The skin, and especially the tendon reflexes, are increased if their

reflex curve lies below the site of compression. The disturbance of

the si)hincters varies according to the site of the compression, and it

is impracticable to make any generalization concerning them here.

Let us assume that the lesion of the cord has led to an incomplete

interruption of conduction in the compressed segment, we shall then

meet with the following group of symptoms, according as one or the

other part of the cord is affected. We will first mention those symp-
toms which are referable to the segments which are directly injured,

or the corresponding nerve roots, and then the symptoms due to the

interruption of conduction in the cord.

Dorsal Region.—Girdle pains, a zone of hyperesthesia at a level

corresponding to the site of the lesion. Spastic paralysis of the lower

extremities accompanied by contracture of the extensors, rarely of the

flexors, and by clonus of the patellar and Achilles tendons and fre-

quently a marked so-called "spinal epilepsy." Anaesthesia as far as

the skin area of the directly compressed segment, but increased skin

reflex. Difiiculty of micturition frequently accompanied by tenesmus
and sometimes going on to total retention. Frequently ischuria para-

doxa, rarely true incontinence of urine; sometimes very frequent

alvine discharges, at other times constipation.

Cervical Enlarcjement.—When the lesion involves the lower half

of the cervical enlargement, there will be pain or hypersesthesia

of the ulnar surface of the arm and forearm and of the hand. Atro-

phic paralysis of the small muscles of the hand and sometimes of the

flexors and extensors of the fingers and hand, accompanied by re-

action of degeneration. Anaesthesia of the thorax reaching anteriorly

as far as the second rib and posteriorly as far as the spine of the

scapula, and involving the ulnar half in the arm. Contraction of the

pupil and narrowing of the palpebral fissure. The conditions of the

paralysis in the lower extremities, of the tendon reflexes in this situ-

ation, and of the disturbance of the sphincters, are the same as when
the seat of the lesion is the dorsal region of the cord. In addition,

however, the muscles of the chest are also paralyzed and respiration

is difficult.
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Wlien the lesion involves only tlie upper half of the cervical enlarge-

ment, there may be spastic degenerative paralysis in the forearm and

hand, and atrophic degenerative paralysis in the shoulder and arm.

The pain will be seated in the shoulders and arms. The anaesthesia

involves the arms. The pupils and palpebral fissures are not con-

tracted (?). The other conditions are the same as those mentioned

in the preceding paragraph.

When the lesion attacks the upper cervical vertebrce, a spastic

paralj^sis of all four extremities will exist. Anaesthesia will also

iDvolve the nucha, the upper portion of the chest, and the neck.

The diaphragm is usually paralyzed. At times the medulla oblongata

is also involved, and Charcot has called attention to the slow pulse

accompanied by attacks of syncope in some of these cases. Epilep-

tic seizures have also been observed.

In lesions of the loiver dorsal vertebrce and of the upper lumbar ver-

tebrce the whole lumbar enlargement may be involved. We then find

flaccid, atrophic degenerative paralysis of the lower extremities, and

the tendon reflexes are absent ; there is incontinence of urine, although

the bladder may be able, on account of the elasticity of the sphinc-

ters, to retain small quantities of urine. Impotence is also present.

Both lower extremities are destitute of sensation, and pain, if present,

is located either in the abdomen or in the inguinal region, or possibly

on the anterior surface of the thigh. Should the lumbar cord proper

be involved, we may find flaccid atrophic paralysis with absence

of the patellar reflex; in the leg there will be spastic paralysis ac-

companied by clonus of the Achilles tendon. The anaesthesia will

extend as far as in involvement of the whole lumbar enlargement.

Pain is also experienced in the crural region. The same functional

disturbances of the bladder may exist as are found accompanying

lesions of the dorsal region of the cord.

When the sacral cord only is involved, atrophic degenerative pa-

ralysis is present only in the muscles of the legs and of the feet, and
sometimes in the flexors of the thigh ; the remaining muscular tissue

of the thigh may be unaffected, the patellar reflex may be preserved,

but the reflex of the Achilles tendon is absent. The anaesthesia in-

volves especially the posterior surface of the leg and thigh, the genital

organs, and the perineum. The disturbance of the sphincters is the

same as when there is a total lesion of the lumbar enlargement.

If the Cauda equina is affected by the lesion, the sj^mptoms are

generally the same as when the sacral portion of the lumbar enlarge-

ment is affected. As a general rule the lesion in caries of the spinal

column is not so exactly limited, and the partial affections of the cer-

vical and lumbar enlargements are for this reason luobably rarely
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met with. In tlie lumbar region of the cord a gradual lesion of the

sacral portion of the lumbar enlargement, without an affection at the

same time of the lumbar roots leading to the cauda equina, will be

very rarely met with ; it is, however, possible. Decubitus of the sa-

crum may occur in all cases in which marked anaesthesia is present;

cystitis in all cases in which marked disturbance of the bladder is

present.

The symptoms described so far are those which occur when the

lesion has caused a severe but not total interruption of conduction.

They are changed as well when the interruption of conduction is still

more incomplete as when it is a total one. In the first instance the

spastic i)aralysis becomes a spastic paresis, and the atrophic paresis

at the site of pressure will itself be very slight. The anaesthesia be-

comes a hypaesthesia, and in a great number of cases there is no dis-

turbance whatever, even when the motor paralysis is quite marked.

In the same manner the disturbance of the sphincters may be rudi-

mentary. When the lesion involves the dorsal region, its frequent

seat, there may be present as the only cord symptom a spastic pare-

sis of the lower extremities; should this paresis advance to a pa-

ralysis, sensory and sphincter disturbances will also appear. When
such slight lesions affect the lumbar region of the cord a flaccid

paresis will manifest itself, and the trophic disturbances will also be

slight.

When the interruption of conduction is total, the tendon reflexes

of the lower extremities will also be abolished, even in lesions of

the cervical and upper region of the dorsal cord. The paralysis will

then be of the flaccid variety. This condition may follow a spastic

paralysis in association with a gradual increase of the interruption

of conduction. The sphincters are then probably affected in the same

manner as in lesions of the lumbar region of the cord. Babinski has

described cases in which the patellar reflex was absent, even in very

slight lesions of the region of the dorsal cord ; this circumstance is

difficult to explain, but such cases are interesting in a therapeutical

relation.

The cord symptoms in caries of the spine are almost without ex-

ception bilateral, even when they are not altogether symmetrical.

Occasionally, however, only one side is affected, and then paralysis

may occur on the side of the lesion, and anaesthesia on the opposite

side as in Brown-Sequard's paralysis. The writer has seen this very

distinctly in a case of caries of the cervical vertebrae.
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Course, Duration, TERMmATioN.

Vertebral caries and the spinal paralysis occasioned by it consti-

tute, as a rule, a chronic disease. In typical cases, as already stated,

bone, root, and cord symptoms follow each other, although a great

many exceptions to this typical sequence occur. If the deformity of

the spinal column is the primary symptom, paralysis usually follows

it at an interval of some months. Cases have been known, however,

in which the spinal symptoms did not make their appearance until

years after the deformity occurred, and some even are on record in

which kyphosis appeared in childhood but the paralysis did not

occur until adult life. According to our experience true spinal

symptoms make their appearance very late, if at all, in caries of the

upper cervical vertebrae, for the reason probably that the severity of

the symptoms associated with caries of this region usually insures an

early resort to treatment.

In other cases the bone symptoms, especially the deformity, and

the root and cord symptoms make their appearance at about the same

time, and as a rule the whole process takes a more rapid course in

these cases. In others again, which cases are not so very infrequent,

the first symptoms are those referable to involvement of the nerve

roots and cord, or perhaps to the cord alone, and then a total paraly-

sis occurs without the slightest warning in the shape of symptoms

of disease of the vertebrae. The deformity in these cases frequently

follows a long time afterwards, or may never occur. It is not often

that root symptoms, especially i)ain, exist for a long time as the

sole evidence of disease. Of the greatest rarity are the cases in

which, after the existence for some time of bone symptoms, particu-

larly of pain or perhaps of deformity, with a total absence of cord

symjjtoms, a complete parai)legia makes its appearance suddenly,

perhaps as the result of a very slight traumatism.

If, however, as is usually the case, the cord symptoms make their

appearance slowly and gradually, they will occupy some time in

arriving at their full height. Oppenheim says that the time is about

one year. There will be present in such a case, for example in caries

of the dorsal region of the spine, at first perhaps a slight girdle sen-

sation, followed by spastic paresis of the lower extremity and ex-

aggerated reflexes; gradually disturbances of sensation and of the

bladder will appear, the paresis progresses to paralysis, the tendon

reflexes may disappear, and bedsores are produced. Although the

symx)toms are usually bilateral, we also meet with cases in which at

first only one leg is paralyzed, or in which symptoms of Brown-
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Sequard's paralysis appear. In other cases tlie course may be a

rapid one, even in tlie absence of acute compression, or periods of

seeming cessation of the process may alternate with periods of ex-

acerbation. In these cases we have in all probability to deal with a ,

rapidly occurring and again disappearing oedema.

A cessation of the cord disease may occur at any time. It is

characteristic that this favorable circumstance does not stand in any

positive relation to the course of the bone affection. Thus, while the

bone disease remains, the affection of the cord may improve in con-

sequence of the discharge of an abscess externally or of the removal

of pressure in some other way ; it may, however, continue and pro-

gress after the bone affection is fully cured. Acute exacerbations

may occur after a long period of quiescence, especially as a result of

a slight traumatism ; in a case mentioned by Gowers a violent sneeze

was sufficient to start the process again.

The further course and the final termination of the cord affection

may also vary greatly. In one series of cases a total cure of the

paralysis occurs, and it is quite noteworthy that this recovery may
take place even where the gravest symptoms have existed for years.

The writer has seen recovery ensue in a case which had progressed

to marked contractures of the flexor muscles and severe decubitus.

Anatomically these cases are probably due to simple compression or

to an existing oedema. Occasionally the evacuation of a cold abscess

exerts a favorable influence. The affection of the vertebrae then heals,

leaving behind it usually a marked kyphosis. Of the cord symptoms
the first which usually improve are the sensory, then the bladder dis-

turbances; but slight, usually spastic forms of paresis remain for a

long time. Relapses also occur in these cases, although, as Gowers

remarks, more rarely than M^e might expect from the nature of the

disease. Gowers mentions a case in which there was complete recov-

ery, interrupted, however, by numerous relapses. This same author

makes a remarkable statement to the effect that he has seen spastic

paresis coming on in the case of one who had recovered from spinal

caries, unaccompanied by paralysis, in early life. The recoverj^ is

more frequently only partial. Most usually we have to deal in that

case with a spastic paresis of the lower extremities accompanied by

slight bladder disturbance, both of which conditions frequently re-

main permanently.

It is very rare, however, that there is no abatement in the severity

of the symptoms. This may be explained by the fact that in the incur-

able cases, when very pronounced paralysis and anaesthesia are

present, death usually results from decubitus, cystitis, nephritis, amy-

loid degenerations, or possibly tuberculous disease in other parts,

YoL. XI.—39
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As a rule, a fatal termination is more common in those cases in which,

grave cord sj^mptoms are present, but the time of its occurrence is, of

course, very indefinite. It results more frequently from tuberculous

•disease of other organs than it does directly from the spinal caries

and its cord complications.

Diagnosis.

The diagnosis of Pott's disease in characteristic cases is not diffi-

cult. It is as a general rule especially easy when the course is per-

fectly typical, when the deformity and the root and cord symptoms
make their appearance in characteristic sequence, and also in those

cases of paraplegia due to disease of the spinal cord in which at least

a certain tenderness on pressure over the spinal column can be demon-

strated.

In older x>ersons in whom, as already mentioned, caries of the

spine is by no means a rare occurrence, a differential diagnosis be-

tween a tumor of the spine, especially a carcinoma, or perhaps an

aneurysm, will have to be made. Deformity of the spine and root

and cord symptoms are present in both cases. The presence of other

tuberculous foci is in favor of caries ; in favor of carcinoma is the

history of a previous removal, perhaps many years before, of a malig-

nant growth of the breast or more rarely of the stomach. The de-

formity of the spine in carcinoma hardly ever takes the form of a

gibbus ; usually we meet with a great number of diseased vertebrae,

frequently nearly all are involved, the whole spinal column sinks and
the patient's height is actually reduced, but a sharp hump is not

present. The symptoms of involvement of the nerve roots and of the

cord in cases of caries may be very similar to those seen in cancer of

the spine ; in each case they make their appearance usually on both

sides simultaneously; in carcinoma, however, the root symptoms as

a rule seem to be much more violent, and probably exist frequently

for a longer time alone than in caries. The writer has under obser-

vation at the i)resent time a case of vertebral carcinoma in which a

slow atrophic paralysis of the left arm, accompanied by violent pain

and an eruption of herpes zoster has been developing for one and a

half years, without a lesion of the cord being demonstrable. A long-

continued bilateral sciatica should always make us suspect the pres-

ence of carcinoma of the spine. In my experience the pressure symp-
toms in cases of carcinoma of the vertebrsG appear frequently very

late, and only in a moderate degree, although a sudden paralysis

accompanied by dis]>lacement of the vertebrfe may of course occur,

an instance of which the writer saw only a short time ago.



SPINAL CAKIES. 611

The diagnosis is not always so simple, however. Thus Schles-

inger observed a compression paralysis of the spinal cord in a case of

mammary carcinoma. The diagnosis was naturally cancer of the ver-

tebrae, but a post-mortem examination disclosed caries. Carcinoma
of the vertebrae is of course an absolutely incurable disease.

The case becomes much more difl&cult in the absence of any de-

formity, and when a paraplegia, accompanied by more or less violent

pain, gradually occurs. If this should occur in a young person, we
must be obliged to consider first the possibility of a caries of the

spine ; this supposition becomes nearly positive when exacerbations

of fever and signs of tuberculosis of other organs are present, and
especially when there is a distinct, circumscribed tenderness of the

spinal column. When, however, all these differential points are ab-

sent, the diagnosis between caries and other diseases of the spinal

cord may for some time, and occasionally always, remain in doubt.

Thus a tumor of the meninges of the spinal cord, as well as a caries,

might lead to a paralysis with violent pain, and tenderness of the

spine might at the same time be present. The fact that in these

tumors, in typical cases, marked and for a long time isolated root

symptoms, which are nearly always unilateral at the beginning, are

the first signs, and that cord symptoms, and these also very fre-

quently unilateral and of the Brown-Sequard type, follow, may serve

for a differentiation; pains in the bones are usually slight and are

the last symptom to appear, while they are as a rule the first symp-
tom in caries. The presence of a tumor would prove decisive. A
tumor (not a cold abscess) of the spine cannot be cured without an
operation.

Caries of the cervical portion of the spine is with difficulty and
frequently not at all to be distinguished from a pachymeningitis cer-

vicalis hypertrophica, at least in those cases in which the deformity

is absent. Eoot and cord symptoms may be identical in both

cases, so also may be the course and duration of the disease ; recovery

may also take place in both cases. Pachymeningitis cervicalis hyper-

trophica, however, is a very rare disease, and may furthermore follow

a pachymeningitis interna or a leptomeningitis without disease of the

bone.

Of the true affections of the spinal cord intramedullary tumors are

the most important as regards diagnosis. In these cases, however,

the pain is usually at first slight, and bone symptoms may be absent

altogether. The pain is slight in syringomyelia, and this affection

can also generally be distinguished by its characteristic group of

symptoms. The accompanying bone affection and kyphosis will

seldom give rise to a confusion with caries, although the writer has
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seen this error made in one case. Mistaking caries for a progressive

spinal muscular atrophy is scarcely possible.

In the absence of a.nj indication of bone disease, and in the presence

of slight pain only, we may occasionally be unable to avoid making a

provisional diagnosis of chronic myelitis. We need only bear in

mind, however, that most of the cases so designated are really cases

of compression paralysis; whether they are caused by caries must

then be determined by other considerations. In such cases a posi-

tive diagnosis may possibly be made by means of the Roentgen

rays.

In neurasthenic subjects, pain and tenderness to pressure in the

spinal column together with subjective weakness of the lower extrem-

ities and increased reflexes, may lead us in the beginning to suspect

caries; it would be more unfortunate if the reverse happened and

caries were to be mistaken for neurasthenia. Oppenheim gives as

diagnostic points in such cases the rigidity of the spinal column and

the fact that in caries the arms are usually not affected. Undoubt-

edly, hysteria may also simulate caries of the spine. Occasionally

this is done in a surprisingly realistic manner. The writer has seen

a girl, thirteen years old, who had deformity in the region of the cer-

vical spine accompanied by pain, a flaccid paralysis of the right arm,

and spastic weakness in both legs, which came on gradually. The
tendon reflexes, however, were not increased in the lower extremities,

there was a total anaesthesia of the right arm within the boundaries

characteristic of hysteria, and the paralyzed arm did not fall as life-

less when raised and then dropped, as would have been the case in

one organically x^aralyzed. A cold douche and a single application

of electricity brought about a cure at once. This case furnishes us

with points in the differential diagnosis between hysteria and caries,

which we need not repeat here. Moreover hysterical symptoms,

especially marked anaesthesia, are not infrequently combined with

those of caries, and what is of greater importance, there may occur

in later life after the caries has healed and more or less perfect re-

covery from the paralysis has taken place, hysterical attacks which

may simulate a relapse of the Pott's disease. The diagnosis is then

of course frequently very difficult.

A knowledge of the exact location of the cord lesion is necessary

for a comi)lete diagnosis, for we should not be content with the gen-

eral one of "caries of the spine and paralysis." This is of course

easy, when marked bone symptoms are present. When these are

absent the regional diagnosis must be made according to the extent

and grouping of the symj)toms, and our knowledge of the function of

the individual segments. The segment diagnosis will be made easier
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by the fact that many foci of disease are rarely present in caries of

the spine.

Prognosis.

The prognosis of Pott's disease is always grave, duhia ad malum
vergens. Statistics from Billroth' s clinic, quoted by Oppenheim,

show that out of 97 patients suffering from caries of the spine, 48, or

almost one-half the number, died, 22 were cured, and 11 were dis-

missed as incurable. Notwithstanding this we must agree with Gow-
ers when he says that we do not meet with any other disease of the

spinal cord, even when the symptoms are most severe and of long

duration, in which improvement or even recovery so frequently ob-

tains as in the paralysis which accompanies caries of the spine.

An example of this kind has been given above. There are therefore

only very few cases in the beginning in which absolutely no hope

of improvement may be entertained; quite as rare, however, or prac-

tically absent are the cases in which we may with certainty hope for

a cure (Gowers).

In young and otherwise health}^ individuals the prognosis is, of

course, better than in old persons ; a cure may, however, be obtained

even in the latter cases. The extent of the bone disease, the degree

of deformity, and the rapid or slow occurrence of paralysis are of

little significance in a prognostic sense; only when paralysis makes

its appearance very suddenly, in cases of dislocation of the vertebrae,

the injury to the cord is usually a severe one.

If we could draw any conclusions from the symptoms as to the

anatomical condition of the spinal cord, our j^rognosis would be more

satisfactory, as we may look for recovery in cases of simple compres-

sion and oedema, even when the paralysis has been of long duration;

but this, of course, would be impossible after the occurrence of true

softening. Up to the present time, however, this distinction is not

possible. Where the loss of function in a segment is a total one, the

prognosis is not so good, for the reason that in the presence of total

anaesthesia, decubitus and suppurative cystitis usually make their

appearance very rapidly ; but the less complete the interruption is in

the affected region of the cord, the less is sensation interfered with,

and the less marl^ed are the bladder symptoms, and the more favor-

able consequently is the prognosis.

As regards the influence of the seat of the disease upon the prog-

nosis, it may be said that caries of the dorsal vertebrae is the most

amenable to treatment. "When the cervical or lumbar enlargement is

affected, the prognosis is not so good: in affection of the cervical

portion of the cord, notably for the working ability of the individual
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even after the caries is cured ; in the lumbar region, in the first place

as to life, for the reason that in this situation grave paralysis of the

bladder often causes death, and then as to earning capacity, because

the incomplete cure of the flaccid paralysis of the lower extremities

induces more unfavorable conditions even than a spastic paralysis.

In caries of the upper cervical region the probable involvement of the

phrenic nerve is especially dangerous, and in disease at the ex-

treme upper part the nearness of the medulla oblongata is a grave

danger.

Early and long-continued treatment may influence the prognosis

favorably. The prognosis becomes very bad, of course, in affections

of the vertebrae and the spinal cord when tuberculosis appears in

other parts, as the lungs or the joints, and especially upon the occur-

rence of miliary tuberculosis or of amyloid degeneration of the ab-

dominal lymphatics.

Treatment.

The treatment of spinal caries and of the cord lesions accompany-

ing it is always difficult and generally of long duration, but occasion-

ally is a very grateful task. When called to see a case of spinal

caries, our first endeavor must be, of course, to prevent an involve-

ment of the spinal cord itself. It would of course be still better if

we were able also to arrest the tuberculous disease of the vertebrae

;

this, however, in face of the enormous distribution of the tubercu-

lous processes in the bones, especially in childhood, will probably

remain a pious wish for a long time to come. It is, however,

feasible to institute treatment at once and continue it for a long

time in all cases of spinal symptoms occurring in children. This

treatment would not essentially differ from that which is to be em-

ployed after a marked deformity of the spinal column and a distinct

characteristic lesion of the spinal cord have already appeared. We
firmly believe that by such prophylactic treatment we could prevent a

large proportion of the cases of Pott's paraplegia. Unfortunately

this will in most cases be impossible because of the difficulty of the

diagnosis during the early stages of the disease, and the neuropath-

ologist especially is consulted by these patients, as a rule, only after

the si)inal-cord lesion is already pretty far advanced.

In these cases his first duty is to enforce absolute and long-con-

tinued rest in bed. This must be continued in certain cases for many
months, and we can recall cases in which this was continued even for

years with very favorable results finally. When the seat of the caries

is in the lumbar or dorsal spine, the patient is best placed on a per-

fectly flat bed, without any bolster under the head ; in caries of the
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cervical spine, a flat, gradually rising firmly upholstered pillow of

horse hair may be emi)loyed.

We should from the beginning be careful in arranging the bed, to

avoid if possible the occurrence of bedsores. For this purpose we
may use, in addition to a firm but elastic horse-hair mattress, a large

water pillow on which the patient's sacrum rests. The heels, which

are also in danger of bedsores, should rest on small rings of some

soft material. The frequent changing of the patient from one side to

the other, which is usually resorted to for the prevention of bedsores,

is of course not feasible in the case of caries of the spine. It is very

agreeable to the patient to be changed to a fresh and clean bed at

night. Next to a well-made bed the most scrupulous cleanliness will

do the most in avoiding the decubitus. Drenching of the bed with

urine or soiling it with fgeces must be avoided ; and should such an

accident happen, the child's body must be thoroughly cleaned at

once, and the soiled bed-clothes must be removed. It is well to lay

a rubber cloth over the water-pillow, over this a clean sheet, so as to

avoid the possibility of soaking the mattress with the discharges.

Sponging of the sacral region with alcoholic lotions is a favorite pop-

ular method for the prevention of decubitus, and there is no objection

to this if cleanliness is also practised.

In many cases simple rest in bed is sufficient to place the disease

process in the spinal cord under the most favorable conditions for a

cure. If the deformity is pronounced, and especially if the pain

caused by the dislocation of the bones and by the compression of the

roots of the spinal cord is very severe, we may, besides the simple

flat position, also try extension of the spinal column. This may be

accomplished in the best manner, in the case of cervical caries, by

the application under the chin of a sling, the bed being lowered at

the foot in order to obtain counter-extension by the weight of the

body ; or we may attach a weight to the lower extremities. This ex-

tension acts particularly well in cases in which severe pain from com-

pression of the nerve roots is present, as in tuberculosis of the upper

cervical vertebrae. Corsets of felt or plaster-of-Paris are best avoided,

as being unnecessary.

It is of course important to keep the general health up to the

highest point. For this purpose we must supply good, fresh air.

When the circumstances of the patient permit, we should make use

of two sick-rooms, which may be alternately used, perhaj^s one dur-

ing the day, the other during the night. The patient may also be

taken into the fresh air in a well-made ambulatory. The food should

be simple but nourishing. Cod-liver oil is especially to be recom-

mended. Of medicines proper, preparations of the iodide of iron are



616 BKUNS AND WINDSCHEID—DISEASES OF THE SPINAL CORD.

of the greatest benefit. Derivatives, which formerly were so greatly

praised, particularly the more energetic ones, such as the actual cau-

tery and issues, are best forgotten. In caries of the cervical vertebrae,

however, we may still make occasional use of the horse-hair issue.

But all such measures are weakening and are liable to depress the

patient and increase the danger of decubitus. Other tuberculous

affections, in case they should appear, are to be treated secundum

artem.

By perseverance in the method above described, which may and

should be varied in its details according to each case, we shall often

experience the satisfaction coming from a perfect cure of the bone

and cord affection. In many cases the grave complications of decu-

bitus and of cystitis will not appear at all, the affection of the cord

confining itself to a spastic paraparesis. Should these complications

occur, however, they are to be treated according to the general rules

of surgery. A cure may quite frequently be obtained even in cases

of nearly complete paralysis, extensive decubitus, and great deformity

of the spinal column, by proper careful nursing and attention to the

nutrition of the patient. This is, however, not always the outcome,

and unfortunately in one-half of the cases death takes place from de-

cubitus and cystitis, or with especial frequency from other tuberculous

affections, or rarely from the disease of the cord itself. For the fur-

ther treatment of these cases special directions cannot be given. Fre-

quently we must be content to moderate the patient's pain by the

heroic employment of narcotic remedies. The demands of nursing in

these cases are, as may readily be seen from the above, quite imper-

ative, and it is rare that these can be met in private practice, so that

usually a removal of the i)atient to a well-managed hospital is indi-

cated. For a time direct surgical intervention in the treatment of

Pott's paraplegia was regarded with great favor, but the experience

of late years has taught us that our hopes in this direction were

greatly exaggerated, and that an operation is rarely of any bene-

fit, if indeed a fatal result is not hastened by it. It is very difii-

cult to decide when to operate in these cases ; indeed it is only in

cases accompanied by marked and rapidly increasing respiratory dis-

turbances that the indication is wholly in favor of an operation, which
is the sole means of rescue here. It is certain that we cannot expect

a cure through operative interference in a great number of cases, leav-

ing possible comi)lications altogether aside. The most frequent seat

of the lesion in the bodies of the vertebras renders the access to the

diseased region very difficult. The case is of course hopeless, and
an operation would only make the condition worse, if, as frequently

liaijpens, a number of vertebrae are destroyed. In cases of acute com-
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pression of the cord an operation is contraindicated unless we have

to deal with the rare condition of the presence of a loose sequestrum.

The operative treatment of those truly rare cases in which the tuber-

culous affection has passed through the pia mater to the cord does

not offer any chance whatever, and Chipault advised that the dura

should never be ojjened in caries of the spine, for the reason that any
subdural processes which may be present cannot in any event be re-

moved, and the danger of the operation is materially increased.

We know, however, much better and with greater certainty when
an operation is not indicated than when an operation may be at-

tempted. The first cases are in the great majority, those of the sec-

ond category are few. We follow here the statements of Chipault,

which are based on a rijje personal experience and on a thorough

study of the literature.

The operation is contraindicated: 1. When a large number of the

vertebral bodies are involved, and especially when the arches are also

attacked. A full removal of all diseased portions would in this case

be impossible without so injuring the spinal column that it would
never be possible for the patient either to walk or to stand. 2. When
other organs are also affected by tuberculosis, especially in pulmonary
phthisis. We must consider here that a monolocular invasion of the

body by tuberculosis is a rare occurrence. 3. When the cord itseK

is directly affected by the tuberculosis.

The operation is indicated: 1. In cases in which the disease of

the bones is confined to the arches, and in which this disease con-

dition is emphasized by the appearance possibly of an abscess on or

at the side of the spinous processes. When such a circumscribed

posterior disease has led to disturbance of the functions of the cord,

its removal by operation will naturally exert a very favorable influ-

ence. 2. When the compression of the cord is caused by a cold ab-

scess which is connected with another lying outside of the spinal

column. The operation in these extraordinarily favorable cases con-

sists only in incising the external abscess, and perhaps also in remov-

ing the diseased portion of bone. 3. There are cases met with in

dorsal compression of the cord in which the paralysis is a flaccid one

from the outset (Babinski). It seems as if the fungosities in these

cases only produced a simple compression of the cord and that they

are in themselves usually of little moment. We might therefore

advise an operation in cases of tuberculosis of the dorsal region of

the sijinal column when a flaccid paralysis has been present from

the beginning. Chipault has operated successfully in such a case.

4. There are cases of tuberculosis of the spine in which the bone affec-

tion has healed and the fungoid masses have become cicatrized, but
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in which the cicatrices still exert pressure on the cord. These cases

are of course very favorable for operation. Macewen, however, is the

only one who has met with such cases up to the present time.

After the patient has entered into convalescence it will be particu-

larly necessary to strengthen his genera} condition and to avoid a

return of the bone affection. Besides good nursing the indication

here is removal to some suitable health resort, especially to one lying

at a considerable elevation. Mineral waters may be of service, espe-

cially those containing iodine.

Arthritis Deformans.

Arthritis deformans of the spine is a very rare disease of old or

middle age. It consists in an ossification of the intervertebral car-

tilages, an ankylosis of the vertebral articulations, and exostoses and
granulations on the transverse processes which not infrequently bind

these together, and induration of the spinous processes. The fun-

gosities and excrescences of the bones may lead to marked induration

of the whole involved region of the spine which may plainly be felt

and seen. Much more rarely bony exostoses project into the spinal

canal. In certain cases a marked thickening of the odontoid process

has been observed. As a result of all these changes there may finally

occur a rigid ankylosis of the spine. Occasionally this process in-

volves the whole spine, usually however only a portion of it, and the

cervical spine seems to be the part most frequently involved in the

disease process. As a rule other portions will also probably be in-

volved in the arthritis deformans, but sometimes the disease is limited

in its extent.

The symptoms are dependent on the diseased spine itself. Pain
and stiffness are complained of, the head in arthritis of the spinal

vertebrae is carried perfectly rigid, since all possible movements in-

crease the pain. Secondly, root symptoms may make their appear-

ance, the roots being compressed in the contracted and dislocated

intervertebral spaces.

Usuall}^ we have to deal only with an irritation of the posterior

roots which is expressed in violent fulgurant and tearing pain. In

one case of arthritis of the upper cervical spine under my care, the

first symptom noticed was a unilateral, very intractable herpes zoster

in the region of the four upper cervical nerves, and for a long time

afterwards the- skin area of the cervical plexus could be beautifully

traced in the deep cicatrices left behind. Less frequently we find

marked symptoms of involvement of the motor roots, although pare-

sis and atrophy may appear in the areas of the nerve roots affected.
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Oppenheim draws attention to tlie fact that it is necessary to have

a care not to confound this with arthrogenic atrophies, for example,

of the interossei in arthritis of the articulations of the fingers ; in one

of his cases the demonstration of the reaction of degeneration made
clear the dependence of the atrophy on the root lesion. Symi^toms
on the part of the spine are certainly most rare. Should they be

present we are probably dealing with the usual sequences of a slow

compression of the cord. In a differential sense the affections of the

vertebrae occurring in tabes and syringomyelia are differentiated by
the slight space occupied by the deformities, and by the symptoms
of the nervous disease which is at the bottom. In the beginning we
may sometimes suspect a sarcoma or carcinoma of the spine; here

we must take into consideration the course and the kind and extent of

the bone deformity, which are quite different in the two diseases.

Lesions of the spinal cord may also be absent in these tumors of the

spine.

The prognosis, as regards life, is always favorable, since the spinal

cord is hardly ever injured. Frequently improvement may be ob-

tained, but the pain may sometimes resist all treatment.

The treatment at spas, such as Nauheim or Wildbad, or with

sulphur waters, is often beneficial. Sulphur baths may also be pre-

pared at home. Besides these massage and mild local galvanization

should also be employed; as a derivative measure painting with

iodine is useful.

Lateral Curvature.

During the second half of life we occasionally meet with lateral

curvature of the spine which may gradually become very great, and

the nature of which is but little understood. Affections of the spinal

cord are never induced thereby, although compression of the roots

may occasionally take place, which makes its presence felt with espe-

cial frequency as intercostal neuralgia.

TUMORS OF THE SPINAL CORD.

Although neoplasms in and upon the spinal cord have excited the

interest of clinicians and pathological anatomists since the beginning

of the time when a true pathology of the nervous system can be said

to have existed, yet this interest—we mention only such names as

Hasse, Lebert, Cruveilhier, and Virchow—^was until recently either

purely anatomical or at most physiological. Even with reference to

diagnosis, owing to the great difficulty of recognizing a tumor of the

cord, the subject failed to prove attractive. Leyden, in 1873, was
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probably the first who in a case of tumor of the spinal meninges made
a correct diagnosis, and in this case he also considered the possibility

of an operation, but he shrank from its dangers. In the same rather

theoretical manner the operation was advised, provided the diagnosis

was positive, by Erb in 1878 in the second edition of Ziemssen's

"Handbuch der speciellen Pathologie und Therapie," and much later

(1886) by Gowers, But not until 1887, when Gowers and Horsley

succeeded in extirpating with permanent good results a correctly

diagnosed tumor of the spinal meninges, was the road from theory

to practice cleared even in this difficult field, and then further suc-

cesses followed each other rapidly. For this brilliant result had
proved that in this hitherto hopeless affection there was a possibility

of surgical relief and even a prospect of complete recovery, and

consequently tumors of the spinal cord and their diagnosis, in

spite of their rarity, began to be of interest to every medical prac-

titioner. Gowers and Horsley, by the accurate report of their case

and the operation, and by a review of other cases of spinal tu-

mor in the literature, had pointed out the facts which above all

others still required careful study to permit future operations of

spinal tumors at the earliest possible period and with a certainty

that was sure to be attained. The requirements were, aside from

the general diagnosis of a tumor, particularly a thorough investiga-

tion of the functions of the several spinal segments and of the roots

springing from them, and further a determination in the largest

possible number of separate cases of the relations of these segments

and roots to the vertebral bodies and their processes, together with

the individual variations frequently met with in these regions—in

short, it was necessary to render the segmental diagnosis of a tumor

positive, so that the surgeon could be instructed exactly which verte-

bral arches must be trephined to reach the tumor in a concrete case.

In all these particulars we have made great progress in recent years.

Clinicians, physiologists, and anatomists, spurred by the practical

necessity, have vied with each other to make the results in these

details ever more accurate. Prominent workers in this field are

Eoss, Sherrington, Head, Keid, Patterson, Mackenzie, Egger, Allen

Starr, Bruns, and others. To-day the diagnosis of the level of a

tumor of the spinal meninges, unless the condition are too unfavor-

able, has reached a degree of perfection which had not been dreamed
of a few years ago. Of course the practical results harmonize well

with these more scientific acquirements; there is already quite a

number of spinal tumors which have been successfully operated upon,

of which not a few have heen cured or greatly improved, and these

cases in particular have of course again largely enriched our physio-



TUMORS OF THE SPINAL CORD. 621

logical knowledge of the spinal cord and have added to the anatom-

icopathological facts relative to tumors of the cord.

In this section we shall discuss along with the true tumors of the

spinal cord, which include those of the meninges and those of the

substance of the cord, others which sirring from the vertebral column
with its ligamentous apiDaratus or the vicinity and imi)licate the cord

only in their later development. While these two varieties of tumor
differ in their nature, prognosis, and treatment, and generally also,

excepting the terminal stages, in their symptomatology, it appears

best from a practical standpoint to treat of them in the same section,

though in sejjarate subdivisions.

We distinguish therefore

:

I. Tumors springing from the envelopes of the cord and involving the

latter secondarily.

(a) Tumors of the vertebral column and of the soft parts in its

vicinity—vertebral tumors.

(b) Tumors of the meninges—intravertebral tumors.

1. Tumors springing from the external surface of the dura,

from the periosteum of the inner surface of the vertebral col-

umn, or from the extradural adipose tissue—extradural tu-

mors.

2. Tumors springing from the internal surface of the dura, from

the arachnoid, from the ligamentum denticulatum, and from

the pia—intradural tumors.

II. Tumors developing in the cord proper—intramedullary tumors.

Between I. (6) and II. should be intercalated as transitional forms

those tumors which are at first confined to the envelopes, usually the

exterior surface of the pia, but after perforating the latter infiltrate

the cord itself and destroy it. The most important practically and

especially therapeutically, as well as the most frequent among the

tumors of the cord proper, are those of the meninges.

We shall exclude from the consideration in this section intra-

medullary glioma, inasmuch as it does not cause symptoms of tumor

but presents the well-known picture of syringomyelia. In like

manner syphilis of the cord, its meninges, and the vertebrse will be

discussed, for purely practical reasons, in a separate section. While

true gummata of the bones, meninges, and cord, which are very rare,

do not differ essentially in their clinical course—aside from the usu-

ally associated cephalic complications—from other tumors at these

points, they do so practically with reference to treatment and espe-

cially to prognosis. Indurated tuberculous deposits between the

dura and the vertebrae, which often produce the effect of a complicat-

ing tumor, in view of their intimate relation to caries of the spine
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will be found under that head; but the rare solitary tubercles of the

cord will be discussed here.

Tumors of the Spinal Column.

Pathological Anatomy.

The so-called vertebral tumors may spring from the bones of the

spine or from the surrounding tissues. In the latter case they impli-

cate the spinal column only secondarily. Of these forms of tumor

two are of special importance. First, sarcomata which may start,

for instance, from the muscles of the spinal column or from the pre-

vertebral lymphatic glands and thence very gradually invade the

vertebral canal either after destroying the bones or through the inter-

vertebral foramina. Their sites of predilection are the lower por-

tions of the spinal column, particularly the sacrum, where they not

rarely cause, in addition to the pains due to the erosion of the bones,

compression of the pelvic viscera and, through lesion of the sacral

plexus, pains in the sciatic nerve and atrophic paralyses in the distri-

bution of the sacral nerves. Later on, after perforation of the bones,

they may also involve the cauda equina directly. On rectal exam-

ination these tumors can often be recognized early.

The second form is aneurysm of the aorta, which perhaps cannot

be jjroperly included among the tumors but may produce symptoms

very similar to those due to neoplasms of the vertebral column.

While very uncommon in the case of abdominal aneurysm, it is more

frequent to find a thoracic aneurysm extending especiall}^ posteriorly

and medially, eroding a vertebra, and finally compressing the cord

directly, after having caused violent pains by irritation of the pos-

terior roots at their points of emergence through the bone. The

symptoms of aneurysm of the thoracic aorta would be at first violent

pains in the back, especially with movement, such as in cough-

ing or sneezing, but also after prolonged recumbency at night;

these pains are moreover markedly increased by movements which

raise the blood pressure. Then there is a very pronounced rigidity

of the back. Subsequently there will be in addition severe lancinat-

ing intercostal girdle i)ains due to the pressure of the aneurysm upon

the posterior roots. Finally silastic paralysis of the legs and vesical

and sensory disturbances follow. Death is almost invariably due to

rupture of the aneurysm, and the hemorrhage may then take i)lace

into the spinal canal. The diagnosis is possible after that of the

aneurysm has been made. Moreover, aneurysms of the descending

aorta, even without lesion of the spinal column, may cause the most
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violent girdle pains by direct pressure upon the intercostal nerves

;

not rarely these intercostal neuralgite are for a long time the only

symptom of the aneurysm.

Of the true tumors of the vertebral bones the following come
under observation: carcinoma, sarcoma or osteosarcoma, myxoma,
exostosis, especially multiple exostosis, and finally echinococcus.

Vertebral carcinoma is said to occur primarily, though in very

rare cases ; in the greatest majority of cases, however, it is of metas-

tatic origin. Probably it is most frequent after cancer of the breast,

more rarely after cancer of the stomach or of the uterus. Owing
to this primary seat of the tumor, vertebral carcinoma is decidedly

more frequent in women than in men. Its most frequent location is

the middle portion of the dorsal spine, more rarely the upper lum-
bar or the lower cervical vertebrae are affected. The tumor, moreover,

even when the symptoms point to a circumscribed location, often in-

volves a large number of the vertebrae; in one of the writer's cases

marked by pains in the distribution of the lower dorsal roots, all of

the vertebrae from the first cervical to the sacrum were infiltrated with

cancer and only a very thin shell of bone was left. In most cases the

primary seat of the carcinoma is in the vertebral bodies ; more rarely it

springs from the lateral portions, narrows the intervertebral foramina,

and compresses the nerve roots. In quite exceptional cases it involves

also the spinous processes, so that the tumors may be recognized

by their thickening and deformity. When one or more vertebral

bodies are completely destroyed, they may fall together; occasion-

ally this may result in a gibbus, more frequently in a crowding
together of the vertebrae, leading to a shortening of the spine and
hence of the individual. With such extensive destruction as above
described we can only marvel that an erect posture is at all possible.

As a rule, in vertebral carcinoma the cord proper is long spared,

even when shortening of the spine occurs it often remains uninjured

;

a sudden gibbus formation, however, is more likely to cause immediate
compression, but frequently lesions of the nerve roots alone exist.

Not rarely the extradural adipose tissue ultimately undergoes car-

cinomatous infiltration; in that event the cancer may surround the

cord for long distances in the form of a complete or half cylinder, the

dura being but rarely penetrated.

Sarcoma and osteosarcoma of the vertebral column probably spring

in most cases from the periosteum. They difi'er from carcinoma in

being even more malignant ; they grow more rapidly and oftener cause

considerable deformities and gibbosities, which usually disintegrate

rapidly.

Exostoses—according to Marchand these are generally the so-
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called periosteal exostoses—are nearly always multiple and occur on

the vertebral column as they do on other parts of the body, especially

the skull. They penetrate into the spinal canal from the posterior

surface of the vertebral bodies or from their arches and compress the

cord directly.

It is still an open question whether echinococci occur as primary

tumors of the vertebrae; according to some authors their first seat

is always in the spinal muscles from which they invade the bones.

Etiology.

As we have seen, in the causation of the most frequent tumor of

the vertebral column, i.e., carcinoma, metastasis comes almost exclu-

sively under consideration ; regarding the tumors developing primar-

ily in the vertebral bones we have as little definite information as we
possess about the origin of tumors in general. At most a preceding

traumatism may be a possible factor.

Symptoms.

A vertebral tumor involves in the first place the spinal column,

secondly the spinal roots, thirdlj'^ and lastly the cord. The roots

may be simply compressed or may be infiltrated by the tumor; ac-

cording to Gowers, an inflammation (?) of the roots is also said to

occur. The cord, when it is at all involved, may be simply com-

pressed but be intact in its structure; more often it is softened in

carcinoma, frequently for considerable distances, in which case it is

doubtful whether this softening is due to the compression alone, or to

ischsemic softening, or to inflammation, or possibly to cancer toxins.

Direct penetration of the tumor into the cord after destruction of the

dura and pia is of rare occurrence, as stated above. After these

mainly anatomical explanations we can really construct for ourselves

a priori the symptomatology of a vertebral tumor. In general the

symptoms will follow each other in the order given—bone, root, and

cord—hence exactly as in caries of the spine from which a tumor

of the vertebral column is at best differentiated with difficulty.

Bone Symptoms.—The symptoms presented from the side of the

vertebrae consist of more or less violent pain at definite jjoints on the

back, which may become unbearable with every motion, especially on

sudden concussions as during sneezing and coughing. In most of these

cases we shall also discover corresponding sensitiveness on pressure or

percussion of the spinous processes. As in caries, the patients main-

tain the affected portions of the spine as rigid as possible and avoid
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rotatory movements in particular. In carcinoma it is certainly very
rare to find masses of the tumor on direct examination of the spine

;

sarcomata infiltrate the vertebral arches more frequently and penetrate
outwards, or else they may be felt from the rectum on the anterior

surface of the sacrum which forms a point of predilection for these

neoplasms. When vertebrae infiltrated with carcinoma break down
suddenly, a gibbosity may result with obvious deformity of the spinal

column, but on the whole this is rare. Of more frequent occurrence

seems to be a gradual compression and shortening of the several

vertebrae with a condensation of the whole spine and a measurable
shortening of the patient, and this is certainly a most important
symptom. But it should be noted that in not a few cases, particu-

larly of vertebral cancer, there may be an entire and permanent
absence of symptoms relating to the spinal column, even when root

and cord symi)toms are already clearly marked. If in such a case

the presence of a primary carcinoma has not been demonstrated the

diagnosis can hardly be made.

Exostoses will cause no marked symptoms in the spinal column;
in particular sensitiveness to i^ressure and pain during movements of

the spine may be altogether absent.

The root symptoms may be divided into those of irritation and
those of paralysis. The most important probably are the sensory

irritation symptoms, the pains. They are of a true neuralgic char-

acter; most frequently they are described as tearing or burning and
are usually bilateral from the beginning. Such bilateral pains, espe-

cially in the course of the sciatic nerve in persons of advanced age,

should always lead to the suspicion of carcinoma of the lumbar ver-

tebrae. Of course, even this bilateral character of the pains is not

always the rule in vertebral carcinoma; thus the writer had under ob-

servation for a long time a case of cancer of the lower cervical vertebrae

in which the symptoms were confined to one arm. The location of the

pains, like that of all root symptoms, depends of course ui3on the

level the tumor occupies on the spinal column. Usually the root

pains are also increased by movements; prettj^ often herpes zoster

occurs in the distribution of the i^ainful roots—a circumstance which,

as it were, imparts an objective character to the pains and thus not

rarely permits an accurate determination of the affected roots. In a

minor degree the pain acquires an objective character also by circum-

scribed hyperaesthesiae in the affected region.

Irritative motor symptoms are less common, but transient circum-

scribed spasms and contractures occur in the muscles innervated by

the affected roots.

The paralytic symptoms presented by the spinal roots are far less

Vol. XL—40
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important than the signs of irritation. This is due to the extensive

anastomosis of the various roots, in consequence of which every

muscle and every cutaneous region is supplied by a number of

motor and sensory roots, so that many of these must be destroyed to

produce paralysis, while the lesion of a single root suffices to cause

symptoms of irritation. Among the rarest are circumscribed, dis-

tinct ansBsthesise corresponding to the distribution of the roots, before

the cord itself is involved. More frequently we find jDaretic symp-

toms and trophic disturbances in the muscles, associated with the

reaction of degeneration; there is a very active fibrillary twitching.

In one case under my observation the atrophy and paralysis were

absolutely parallel, as in typical spinal progressive muscular atrophy.

In these cases we observe not rarely also trophic disturbances of the

skin, such as parchment-like thinning and glossy skin, so called.

These phenomena, of course, can be demonstrated only on the arms

and legs, with corresponding location of the carcinoma.

The cord symptoms are those of compression at a certain level.

Not until this occurs are the motor and sensory paralyses as a

rule clearly marked; if it is ai)proximately complete we find exten-

sive paralysis and anaesthesia in all the regions innervated by the

cord below the point of compression. The type of the symptoms,

therefore, is paraplegia which develops gradually, or rarely acutely

by the sudden displacement of the vertebrae and gibbus formation

or by myelitis; quite exceptionally only one-half of the cord may
be implicated in the begiiniing. Of course we cannot here enter

in detail ujDon the extent and distribution of the paralyses and auaes-

thesiae which vary with the level of the tumor, nor upon the change-

able condition of the bladder and rectum, of the reflexes and trophic

disturbances, especially bedsores ; the most essential points of these

will be mentioned under tumors of the meninges. One more sj^mp-

tom may be mentioned in the present connection, one which was

first described with vertebral carcinoma, viz. , the occurrence of severe

pains in the paralyzed limbs, usually the legs, Cruveilhier's para-

plegia dolorosa. When the legs in these cases are at the same time

anaesthetic, we may also speak of an anaesthesia dolorosa.

Diagnosis.

The diagnosis of a vertebral tumor—and here we refer first only to

carcinoma and sarcoma—may ])e very easy under certain circum-

stances and when all the symi)toms are clearly marked, especially

when a primary tumor has been demonstrated in some other part of

the body. As a rule, however, it is difficult, and can be made posi-

i
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tively only in the later stages of the disease. When there are at first,

as in ty laical cases, only vague jjains in the back and along the spinal

column, it will evidently be impossible to express a decided opinion
as to the case. When symjitoms of a root or cord lesion are gradu-
ally added, the case may still be one of simjDle myelitis or of syphi-

litic meningomyelitis. Only when distinct signs appear in addition

in the bones, particularly the development of a gibbosity or other

deformities of the vertebral column, we are nearer a solution ; at any
rate we are then forced to assume that there is a primary disease of

the spine with gradual involvement of the roots and cord. But the

most frequent disease of the kind is caries of the spine and from this

the tumor is to be first of all difi^erentiated. This, however, is more
easily said than done. Most of the differential factors are vague and
in a concrete case of doubtful nature. While tuberculosis is usually

a disease of early life, it is not very rare in middle and even advanced

age, especially in the spinal column. Carcinoma, it is true, occurs

usually onl}^ late in life, but sarcoma may develop even in early

childhood. In a doubtful case, tuberculosis of other organs would
be in favor of caries. According to Gowers, the root symptoms in

carcinoma of the spine are much more violent and prolonged than in

caries, but this is not always true. A rapid development of para-

plegia is said to be far more frequent in carcinoma and to be due to

acute myelitic softening ; but the same symptom is not particularly

rare in caries, especially of the cervical spine, in consequence of

sudden displacement of the vertebral bodies. Gibbus formation is

much more frequent in caries than in carcinoma, but shortening of

the spinal column is more common in the latter. Unilateral lesion

occurs both in caries and in carcinoma in rare cases. The demon-
stration of a distinct spinal tumor would be decisive; this is most
likely to succeed in the case of sarcoma, especially by rectal examina-

tion when the neoplasm is located on the sacrum. The diagnosis is

also nearly certain when the symptoms of spinal disease and com-

pression of the cord develop in connection with an existing car-

cinoma, <?.(/., of the breast, or after its ojjerative removal. It is, how-
ever, to be noted that in cases of carcinoma also simple toxic forms

of myelitis and neuritis may develop, and that Schlesinger has re-

ported the case of a patient with carcinoma in w'hom an associated

cord and vertebral lesion was due to tuberculosis. In a parallel case

of the writer's the presence of a retropharyngeal abscess decided the

diagnosis in favor of tuberculosis.

Not rarely the sole symptom of a vertebral tumor, for a long

period of time, is a severe intercostal neuralgia. Simple intercostal

neuralgia occurs almost exclusively in hysterical and anaemic women,
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is inconstant, variable in its location, and liable to be influenced by

suggestive treatment; inveterate pains of the kind, wliose seat is

always exactlj^ at the same point, should lead us to suspect a more

serious affection ; of course, to establish the diagnosis of a vertebral

tumor other symptoms must be present in addition.

We must refer to what has been said above regarding the diagno-

sis of a tumor developing near the spinal column and involving it

only later, especially aneurysm of the aorta. In many cases, too, it

will be difficult to differentiate between a vertebral and an intraver-

tebral tumor. In general the symptoms of a vertebral tumor mani-

fest themselves in the following order—bone, root, and cord symp-

toms; while in the case of an intravertebral tumor, especially one of

the meninges, root and cord symptoms occur first and continue iso-

lated for a long time, and the vertebral symptoms are usually re-

stricted to a more or less marked circumscribed sensitiveness on

l^ercussion. Still, I have sufficiently explained above that these dif-

ferential factors apply only to typical cases. True bone symiDtoms

occur in tumors of the meninges probably only in the rare instances

in which the spinal column is eroded and perforated. Under these

circumstances, therefore, vertebral and intravertebral tumors cannot

be differentiated. Another important fact is that meningeal tumors

set in almost invariably with unilateral symj^toms, while those of the

vertebrae cause bilateral symptoms from the beginning. Moreover,

the presence of a carcinoma affecting some other i)art of the body

would be in favor of a vertebral rather than a meningeal tumor.

The diagnosis of the variety of tumor is easy in cases of metas-

tatic vertebral carcinoma. Sarcomata, likewise, can be recognized as

soon as they manifest themselves clearlj^, by their form and extent,

by the manner in which tliey destroy the vertebrae, and eventually

by their location (sacrum). An echinococcus of the spine may be

diagnosed when a similar tumor has been demonstrated in another

region of the body, or else by asi)iration of the cyst formed b}^ it in

the bone. The diagnosis of a periosteal exostosis of the spinal canal

is also easy when similar tumors are found in other parts of the

body. Thus the writer (Bruns) discovered in a boy presenting

symptoms of a slow compression of the cauda equina, exostosis at

the root of the orbit with x)rotrusion of the globe, on the second left

rib, and on the sacrum. The diagnosis in this case was reasonably

certain.

Prognosis.

The prognosis of all vertebral tumors, leaving aside for the

present any possible treatment, is the worst imaginable. Carciuo-

mata and sarcomata, as well as exostoses, grow steadily and the first
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named also termiuate gradually by marasmus. Ecliiuococcus cysts

may open externally and one sucli case really recovered in this way.

Usually, however, death ensues sooner or later, sometimes after years

of suffering, from some complication such as cystitis, nephritis,

uraemia, or bedsores. Only when the tumor is located in the upper

cervical cord is the compression of the latter likelj^ to be the direct

cause of death.

Treatment.

Any treatment in the proper sense of the word, which necessarily

must be surgical, is out of the question in cases of vertebral cancer.

Any one who has had a single opj)ortunity to observe how extensively

the spine may be involved by carcinoma, even in cases in which the

symptoms would lead one to suspect a limited disease, will not ven-

ture the risk of an operation. The same remark generally applies to

sarcomata ; though if these perforate the S5)inal column and the skin

of the back and then disintegrate we may occasionally be able to

extirpate as much of the tumor as is accessible, and Oppenheim and
Sonnenburg have obtained temporary improvement in a similar case.

Echinococcus cysts of the spine may be operable, provided they have

been diagnosed. A favorable prognosis for an operation is offered

bj^ exostoses; if located on a vertebral arch the tumor may be re-

moved at once with the trephine, and even the posterior surface of

the vertebral column is eventually accessible by sacrificing a few

roots. Such cases would be especially favorable with reference to

the prognosis if it is the cauda equina that is compressed. Caselli

successfully operated upon a case of exostosis; in the writer's case,

above mentioned, the parents would not permit an operation.

In most cases of vertebral tumor our treatment will of necessity

be restricted to simple nursing, in which suitable bedding of the

patient and cleanliness are of the greatest importance. In connec-

tion therewith appropriate mitigation of the pains by a liberal use of

narcotics is to be borne in mind. In exostoses potassium iodide is

to be tried, and in cases in which a suspicion of syphilis is justified

also an energetic course of inunction.

Tumors of the Meninges and of the Cord.

Pathological Anatomy.

Tumors developing within the vertebral canal are divisible into

three groups, according to their origin extradurally, intradurally,

or in the cord itself. The most frequent and practically the most im-

portant with reference to treatment are tumors of the meninges.
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Here again those developing intradurally surpass in numbers those

of extradural origin. Of fifty-eight meningeal tumors collated by

Horsley twentj'^ were extradural, thirty-eight intradural. Extradural

and above all intradural tumors are more rarely of metastatic than of

primary origin; more frequent is a simultaneous development of a

tumor of the cord and of some other part of the body ; usually they

are solitary and in rare instances only are they multiple, but in the

latter case they maj^ be innumerable, particularly sarcomata of the

pia. Of primary extradural tumors we may meet with lij^omata

develo]3ing in the extradural adipose tissue, sarcomata springing from

the periosteum of the spinal column or from the outer surface of the

dura; in isolated cases enchondromata have been observed, and

echinococcus cysts are somewhat more frequent. Secondarily we
find carcinoma in the extradural adipose tissue without involvement

of the spinal column, also sarcomata and teratomata. These metas-

tatic extradural tumors form not rarely very flat deposits upon the

dura, which they surround for considerable distances in the form of a

completely closed cylinder or one open towards the vertebral bodies.

Within the dura are to be observed, springing from the inner sur-

face of the dura, from the ligamentum denticulatum, from the arach-

noid, or from the outer surface of the pia, fibromata, fibrosarcomata,

sarcomata, myxomata, particularly also vascular tumors such as

angiosarcomata and true angiomata. In the region of the lumbar

enlargement and in connection with spina bifida we may also find

lipomata. Multiple neuromata have been observed on the roots of

the Cauda equina. In the arachnoidal space we may meet with cysti-

cerci which are usually multiple, and more commonly solitary echi-

nococcus cysts. True solitary tubercles of the meninges are not rare.

Tumors of the meninges, even the different forms of sarcoma, do

not in general destroy the meninges themselves. On the whole it is

rare to find an extradural tumor perforating the dura or an intradural

tumor piercing the pia and extending into the cord. This of course is

not the invariable rule, and the writer was once able, in a case of mul-

tiple sarcomatosis of the x^ia, to demonstrate clearly the perforation

of the tumors into the cord. Tumors of the meninges, especially the

intradural varieties, exhibit in general considerable resemblance in

form. This is due to the fact that they rarely perforate the bone and

hence must adapt themselves to the space in which they lie, i. e. , the

spinal canal, and here first to the cavity between the vertebrjc and
the cord. They rarely attain a large size ; at first thej^ are approxi-

mately spherical, later they increase in length rather than in breadth

so that they ultimately become cylindrical. They are usually sit-

uated laterally or i)ostero-laterally, very rarely in front of the cord,
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by tlie more or less marked compression of wliicL they make room
for themselves. If they perforate the bone—an uncommon occur-

rence except in the case of echinococcus cysts—they may of course

become very irregular in form and quite large. In a case oi:)erated

upon by the v^^riter, in which the tumor could not be found at the time,

it had reached the size of an aj^ple in the trephine opening when death

occurred. At the cauda equina alone do the tumors find room for

greater development even when the spinal canal remains closed. The
shape of metastatic extradural sarcomata and carcinomata has been

discussed above.

A meningeal tumor may produce its effects in the direction of the

bone, the roots, ©r the cord. As a rule the bone lesions are the last

to appear and only rarely do they attain any importance. Usually

the lesions of the roots appear first, then those of the cord. An ex-

tradural flat tumor may involve the roots for a long time and to a

considerable extent without implicating the cord, while an intradural

tumor will attack the cord more rapidly. When of great width an

extradural tumor will of course also compress the cord early. The
roots may be both compressed and infiltrated ; often they oppose con-

siderable resistance to the tumors so that even in extensive injury well-

preserved root fibres are met with.

The cord may be simply compressed without material impair-

ment of its structure, so that after the cessation of the pressure its

recuperation may be almost perfect; it may also be infiltrated with

oedema or be softened throughout. The last-mentioned condition is

most likely to occur when the tumor grows rajjidly and is rather hard

at the same time, still it is probable that some part is played by true

inflammatory processes due to tumor toxins or by ischsemic softening.

In the substance of the cord proper we meet with glioma, sar-

coma, angiosarcoma, solitary tubercle, and cysticercus. The different

forms of sarcoma almost never originate in the substance of the cord,

but proliferate into it from the pia, either from its inner surface or

from without after its perforation. Glioma arises in the cord itself

and frequently in its vicinity, particularly the posterior periphery of

the central canal ; tubercles spring from the vessels of the cord and

according to Gowers often have their primary seat in the gray sub-

stance of one side or else in the posterior horns (Schlesinger). Cys-

ticercus, which is rare, may of course have its seat anywhere in the

substance of the cord. As a rule, intramedullary tumors too are

primary and solitary, only tubercles occasionally occur in numbers^

Tumors of the cord, like those of the brain, may either be sharply

demarcated from the normal structure or they merge gradually into

it—they infiltrate the tissue, as it is called. The sharply demarcated
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neoplasms are sarcoma, tubercle, and cysticercus ; tlie cord surround-

ing tliem is usually softened for a certain distance. Infiltrating

growths are gliomata; they may extend over long distances, espe-

cially in the longitudinal axis of the cord, and far into the caudex

cerebri ; in that case they break down in the centre and present the

well-known picture of syringomyelia, which corresponds in no way to

that of the other tumors of the cord and therefore is not discussed in

this section. Sometimes, it is true, gliomata of the cord occupy a

more circumscribed site, are firmer in consistence, and compress the

cord like any other tumor.

Intramedullary tumors are usually small, and spherical or cylin-

drical in shape ; they extend longitudinally rather than transversely

;

only gliomata sometimes enlarge the diameters of the cord so that,

as Gowers noted, the margin of the occipital foramen may cut directly

into the cord.

Since many if not most of the cord tumors spring from the pia

we observe again first root symptoms, then medullary symptoms; in

tumors having primarily a central location the order may be reversed

and in consequence some peculiarities of the morbid picture may
result, which will be discussed at greater length hereafter.

Symptoms.

The essential feature in the morbid picture of both extra- and in-

tramedullary tumors of the cord is a slow comijression of the latter

and its roots. Hence tumors of the meninges and of the cord do not

differ in their symptoms yerj markedly from those of the spinal column

when the latter have developed sufficiently to produce medullary

symptoms along with the root symptoms. The first to appear are

probably always symptoms of disease, especially irritation, of the

roots. In intravertebral as in vertebral tumors the dominant symp-
toms are those of irritation of the sensory roots, i.e., the pains.

Contrary to what we find in vertebral tumors, the pains in meningeal

tumors are at first almost invariably unilateral, and this because these

tumors usually develop on one side of the cord; only later, after a

marked lesion of the intervening cord has resulted, do they involve

also the opposite side. Of course, a tumor situated exactly in the

median line posteriorly on the cord may cause bilateral pains from
the beginning.

The seat of the pains depends obviously upon the level at which
the tumor is located; the most frequent are intercostal, then brachial,

lumbar, and sacral pains; these will be discussed at greater length

later. The only characteristic features are that the ijains never
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correspoud to tlie course of a peripheral nerve, but are always iu

liarmouy with the distribution of the spinal roots, and that the pres-

sure points of a true peripheral neuralgia are absent.

Otherwise the pains present the typical neuralgic character—they

are tearing, lancinating, ever recurring at the same point; a local

sensation of intense painful burning, which renders even the weight of

the clothing irksome, is especially frequent. In the latter case the

skin is also hyperaesthetic. Herpes zoster seems to be less common
in tumors of the meninges than in those of the vertebrae. The pains

are usually extremely violent and prolonged, still painless periods

occur even with steadily growing tumors; this is probably the case

when the neoplasm has completely destroyed one jiosterior root and
requires some time to reach the next. This is more apt to occur in

the dorsal than in the cervical and lumbar regions, because in the

former the several roots are farther apart, while in the latter there are

hardly any intervals.

In the case of intravertebral tumors, too, the irritative symptoms
presented bj^ the motor roots are less pronounced than those of the

sensory roots; otherwise they do not differ from those described

under the head of vertebral tumors. We meet therefore with more or

less painful cramps and persistent spasms of isolated muscles, e.g.,

those of the abdomen, or those of the neck and nucha.

Paralytic symptoms dependent upon a lesion of the roots alone

without that of the cord occur much later, for the reasons discussed

above. Besides, contrary to what takes place in the case of irrita-

tion, the motor root symptoms predominate, i.e., pareses, atrophies,

reactions of degeneration, and fibrillary twitchings; the electrical

disturbances are probably the last to apjDear. For the reasons given

above, several roots must be affected in these cases, and especially

marked ansesthesise—like plexus paralyses iu their arrangement

—

can result obviously only when at least three roots are largely in-

volved. This is possible, without coincident implication of the cord,'

solely in cases of the above-described flat but very long extramedullary

tumors. Moreover, the anaesthesise and motor iDaralyses in all these

cases will be confined to the distribution of the roots which are di-

rectly affected by the tumor. All these facts were clearly illustrated

by one of the writer's cases of meningeal tumor which had obviously

sprung from the lower lumbar roots and in which, at a time when sev-

eral roots were unquestionably already involved, not the least anaesthe-

sia could be found, and long after the onset of paralytic symptoms in

the distribution of the tibialis posticus and peroneal nerves the mus-
cles neither became atrophied nor showed electrical disturbances, so

that hysteria was repeatedly suspected.
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Tlie case presents quite a different aspect when the tumor involves

the cord. The ansesthesiae and paralyses immediately become more

extensive; for, as conduction is interrupted, they implicate regions

innervated by the cord below the actual seat of the lesion. Since the

tumor, as we have seen, springs almost alwaj'^s from one side between

the cord and bone, it will, as a rule, first injure one-half of the cord

and thus the symjjtoms of a unilateral lesion, those of Brown-Se-

quard's paralysis so called, will be manifested. In typical cases of

the kind we then find on the side of the tumor, in the region sit-

uated below it, paralysis with usually increased reflexes and loss of

the muscle sense; at the level of the tumor, an anaesthetic and a

hyperaesthetic zone; on the opposite side, anaesthesia in the entire

cord region situated below the tumor. In case of a growing neoplasm,

however, the tumor will soon involve the opposite side, when total

paraplegia and anaesthesia will occur in the region below the com-

pressed point. In gradual compression of the cord first the muscles

of the feet, then the knee, then the hip are paralyzed and the anaesthe-

sia spreads in like manner in an upward direction; but not rarely

the paraplegia is complete to the level of the tumor, while the anaes-

thesia is clearly marked only on the legs. Of course when the whole

of the transverse section is interrupted special symptoms will still

be present at the point where the tumor has its seat ; in this locality

the root irritation advances steadily and will produce one new sjanp-

tom after another, especially in an upward direction. At this level

there will be additional neuralgias and hyperaesthesiae and, i)articularly

when the cervical or the lumbar enlargement is implicated, marked

atrophic paralyses associated with electrical disturbances of the mus-

cles. The paralysis below the lesion, however, will at first not

be combined with distinct trophic disturbances of the muscles. On
the other hand, according to the law of eccentric projection of the

sensations, i)ainful sensations may occur even in the totally paralyzed

and possibly also completely anaesthetic extremities (anaesthesia dolo-

rosa). Ultimately the meningeal tumor will also involve the bone

—

at first perhaps only the internal periosteum of the spinal column

—

with resulting painful rigidity, pain on motion, coughing, or sneez-

ing, and the corresponding regions will besides be sensitive on pres-

sure and percussion. Even mere sitting up may cause jiain at the

site of the tumor. At the same time there will be vesical and rectal

paralyses, bedsores develop, and the patient finally succumbs to gen-

eral marasmus unless the tumor has caused death previously by
reason of its seat.

Havinf^ now described the typica course of an intravertebral

tumor, we must dwell upon some deviations from the rule. First of
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all, the paraplegia may not be the gradual result of a unilateral lesion,

but may appear acutely in consequence of oedema, ischsemia, or some-

times perhaps of a true myelitis. Other differences may be due to

the development of the tumor extradurally, intradurally, or in the

cord proper. These variations may not be very marked, but the

above brief description applies most closely to meningeal (intradural)

growths which are the most frequent. The description is true also

of medullary tumors which begin upon the pia, while truly central

neojilasms may run their course at first entirely without pains and

consequently simulate the course of a simple myelitis, or that of a

simple progressive muscular atrophy when they develoj), e.g.. in one,

or more frequently in both anterior horns and follow the direction

of the longitudinal axis, or that of syringo-myelia when they develop

simultaneously in the anterior and posterior horns (Schlesinger).

Finally, extradural tumors will obviously at an earlier period give

rise to vertebral symptoms, to circumscribed periosteal sensitiveness,

and to rigidity of the back ; these in fact may be the first symptoms

as in vertebral tumors.

We must next consider those variations in the morbid picture which

depend upon the accurate localization of the symptoms of irritation

and interrupted conduction and are due to the difference in the level

of the tumor ; these are very important and of decided practical inter-

est, since they alone can furnish us information as to the seat of the

neoplasm. Roughly we may differentiate tumors of the cervical,

dorsal, and lumbar cord, and of the cauda equina. In all cases there

are root and eventually bone symptoms corresponding to the level

of the tumor; below this, such disturbances of motility, sensibility,

and of the reflexes, etc., as are dependent upon the interrupted

conduction of the cord from the segments situated caudad of the

lesion.

Tumors of the Upper Cervical Cord.—At first perhaps hemi-

plegia of the arm and leg on the side of the tumor, differing from

central hemiplegia in the non-implication of the facial and hyiDoglos-

sal nerves, eventually with anaesthesia of the opposite side (Brown-

Sequard). Later, spastic motor paresis or paralysis of all four

extremities. Preceding the hemiplegia and paraplegia, pains and

perhaps circumscribed ansesthesiae in the cervical plexus, also in the

distribution of both supraclavicular, the occipitalis minor, the auri-

cularis magnus, and possibly also the occipitalis major nerves ; atro-

phic paralyses in the region of both sternocleidomastoids, the trape-

zius and scaleni, the deep anterior cervical, and the superficial and

deep nuchal muscles. The paraplegic stage is apt to be of very short

duration, as the affection of the phrenic nerves soon terminates fatally.
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Tumors of the Cervical Enlargement.—First, atropliy aud flaccid

paralysis, perhaps pains, iu tlie arm corresponding to tlie side of tlie

tumor, spastic paralysis of tlie leg of tlie same side, ansestliesia of

the opposite extremities and of the oj)posite half of the trunk. Later,

spastic paraplegia and anaesthesia of both lower extremities and anaes-

thesia of the trunk to the level of the second rib, atrophic flaccid

paralysis of the ui^per extremities. When the tumor involves the en-

tire cervical enlargement, all the muscles of the upper extremities are

affected with total anaesthesia of both arms ; when only the ui^per half

is directly implicated, there is atrophy of the upper arm and shoulder

muscles with spastic paralysis of the hand and fingers, and anaesthesia

as before ; when the lower half of the cervical enlargement is alone

affected, the shoulder and upper arm are intact, there is flaccid atro-

phic paralysis of the forearm and hand muscles, and the anaesthesia

is confined to the ulnar half of the upper extremities. When the first

dorsal root is directly involved, there are myosis and narrowing of the

palpebral fissure, both first on one side, then on both, and eventually,

pains in the shoulders and arms.

Tumors of the Dorsal Cord.—Brown-Sequard's paralysis is usually

pronounced. Later, there are spastic paraplegia of the lower extrem-

ities and of the abdominal muscles, and anaesthesia of the trunk to a

level corresponding to the seat of the tumor. At first unilateral,

then complete girdle pains and hyperaesthesiae around the thorax or

abdomen, not corresponding to separate intercostal spaces but with

more horizontal limits. Atroi)hic paralyses cannot be demonstrated

in the intercostal muscles corresponding to the level of the tumor,

but may eventually appear in the abdominal muscles.

The tendon and skin reflexes, the condition of the bladder and

rectum, and the trophic disturbances of the integument are in general

the same in the different locations of the tumor thus far described.

In the Brown-Sequard stage the tendon and skin reflexes are at first

increased on the side of the tumor, and they become so on both sides

when ])araplegic symptoms set in. In these cases the increase is

very marked; patellar and Achilles clonus and often pronounced so-

called spinal epilepsy are i^resent. But gradually, when the lesion of

the transverse section becomes more aud more nearly total, the tendon

reflexes in ])articular diminish, and with complete transverse inter-

ruption they are altogether absent, whatever the seat of the lesion.

At the same time, unless adhesions have previously formed iu the

joints—an occurrence especially common in flexion contractures —the
spastic paresis again becomes flaccid, and Avliile the muscles, particu-

larly those of the lower extremities, do not present a degenerative

atroi)liy, yet they shrink and their electric irritability may be much
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reduced quantitatively. The skin reflexes, which always exhibit great

individual variations, do not present, even under these circumstances,

SO constant a relation as the tendon reflexes ; the plantar reflex in

particular sometimes persists when a total transverse lesion must be

assumed to be present for other reasons.

The state of the bladder varies greatly in different cases. At first

there is dysuria, the patient being obliged to stand or sit long and to

strain; by degrees micturition becomes imx)ossible. At first there is

also not rarely a greatly increased and oft-repeated desire to pass water

(poUakiuria)—and this assumes, as it were, an imperative character

—

the patient must yield to it at once if he would avoid soiling himself.

Later, the so-called intermittent incontinence may develop^—the evacu-

ation of the bladder is no longer subject to the control of the will, but

when a certain degree of fulness of the viscus has been reached the

sphincter relaxes and the detrusor contracts reflexly, the vesical con-

tents are voided in a powerful stream. When there is no anaesthesia

the patient of course is conscious of such evacuation. After the reflex

activity of the detrusor has also become impaired the sphincter is

forced open only when the bladder is completely filled and the urine

dribbles away from the full bladder—ischuria paradoxa. When the

transverse interruption is complete the detrusor and sphincter, as well

as the entire reflex activity of the bladder, are wholly paralyzed, even

when the lesion occupies a high level. Even then the urine never

dribbles off directly as it reaches the bladder from the kidneys; the

elasticity of the sphincter can always still retain a certain quantity

of urine, so that the escape does not ensue until the pressure exceeds

the elastic occlusion, that is, after some degree of filling of the bladder.

Then the viscus may also be emptied by mechanical pressure, and even

slight changes in the latter, such as coughing, intestinal movements,

and sitting up expel some quantities of urine from the bladder. The

elastic closure of the bladder is much weaker in women than in men.

In nearly all cases of serious vesical paralysis the occurrence of cys-

titis, pyelitis, and nephritis is not long delaj^ed, and these complica-

tions are very frequent causes of death. From the onset there is

usually constipation, which becomes more obstinate as the transverse

lesion extends. In a certain stage, voluntary evacuation may already

have become impossible even with the aid of abdominal pressure,

though the intestine continues to act reflexly and the sphincter still

grips the finger introduced into the anus. With total transverse

lesion the sphincter ani is likewise completely paralyzed and no longer

closes around the finger. Nevertheless the fecal masses which are

usually very dry and hard are retained, but every few days a portion

of the mass is mechanically forced out by the after-crowding faeces

;
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tlie patient does not soil himself, however, unless he suffers from

cliarrhcEa,

Bedsores occur with cord tumors located at a high level when the

anaesthesia is marked, that is, when the transverse lesion is approxi-

mately total. In other respects they present the same features as in

tumors of the lumbar cord.

Tumors of the Sacral Cord.—Atrophic paralysis of the muscles

of the leg and foot, of the posterior surface of the thigh, of the glu-

teal and peroneal muscles, first on one side, then on both sides ; an-

aesthesia affects the foot, the posterior surface of the leg and thigh,

the perineum, and the genitals. Total paralysis of the bladder and

rectum. Impotence. Loss of the Achilles tendon reflex, with possible

preservation of the patellar tendon reflex. Initial pains in the dis-

tribution of the sacral plexus of the side first affected. Bedsores

and cystitis develop early.

Tumors of the Lumbar Portion of the Lumbar Enlargement.—
Initial unilateral pains in the distribution of the lumbar plexus, hence

on the anterior and inner side of the thigh and leg and in the fold of

the groin. Atrophic paralyses likewise first in the region of the

lumbar plexus, hence in the ileopsoas, quadriceps, adductors, and

tibialis anticus. Very rarely also anaesthesiae in the same region

with isolated root lesions ; with the beginning of the cord lesion, how-

ever, total anaesthesia occurs in the region of the lumbar plexus ; in that

of the sacral plexus, partial anaesthesia, perhaps only to temperature

and pain. This grouping is an almost positive proof of development

of the tumor at the lumbar cord. Brown-Sequard's symptoms may
also be produced by a unilateral affection of the upper j)art of the

lumbar enlargement. Later there are complete paralysis and anaes-

thesia of the lower extremities, but only in the distribution of the

lumbar plexus, associated with atrophy and the reaction of degenera-

tion, on the legs and feet eventually with spastic symptoms. Achilles

clonus may be combined with them, while the jtatellar reflexes are

absent. Vesical and rectal paralysis is not so marked in the begin-

ning as in the case of sacral tumors.

The lumbar enlargement in particular is very short and its roots

are closely crowded together. Tumors of the meninges, therefore,

will only for a short time produce pure sacral or lumbar symptoms.
The differences are usually from the first indistinct or become early

obliterated ; we then find simultaneously symptoms pointing to the

entire lumbar enlargement, while the pains occur in the distribution

of the highest implicated roots.

Tumors of the Cauda Equina.—It is obvious that there can be no

essential clinical differences between tumors of the cauda equina and



TUMORS OF THE IVIENINGES AND OF THE CORD. 639

tLose of the lumbar enlargement^ since the roots of the former are

nothing but processes of the lumbar enlargement, and the roots and

their segments have no separate functions. Nevertheless we can dis-

cover some differential points. While the manifestations of all other

meningeal tumors begin with root symptoms of one side—the transi-

tion to the other side is somewhat retarded by the cord itself—in

tumors of the cauda bilateral symptoms are generally present from

the beginning. Brown-Sequard's symptoms of course cannot be in-o-

duced by a caudal neoplasm. Should a caudal tumor begin exception-

ally with unilateral symptoms, which evidently is not impossible, it

will take longer to extend to the other side, i. e. , to produce paraplegic

symptoms. Finally, the paraplegia in caudal tumors is not as a rule

so symmetrically distributed over both lower extremities as when it

is caused by a cord lesion ; a tumor of the cauda attains about the

same symmetry as does multiple neuritis.

Typical reaction of degeneration in extensive muscular regions

will in doubtful cases indicate rather a caudal lesion; affections of

the lumbar enlargement are perhaps more likely to cause partial re-

action of degeneration, but on the other hand produce more marked
fibrillary contractions. The pains are especially violent and wide-

spread in caudal tumors, probably because so many sensory roots are

in close juxtaposition at this point, and they are particularly severe

in the sacrum and ischium. The disturbance of the vesical, rectal,

and genital functions will not differ from that in tumors of the lumbar

enlargement. An important differential factor consists in the follow-

ing circumstance which has been learned from practical experience.

Tumors of the cauda equina, like traumatisms in this region, produce

at first only symptoms in the sacral plexus and do not involve even

the lowest lumbar roots. This is not easily understood in the case

of trauma which, we are forced to assume, would be more likely to

injure the fibres of the lumbar plexus situated on the outer side close

to the bone, than those of the sacral plexus occupying the centre. In

the case of tumors we must suppose that they develop by preference

in the median line. Be this as it may, at any rate a caudal tumor

may manifest itself for a long time by purely sacral symptoms, while

a new growth of the lumbar enlargement, as we have seen, soon affects,

whenever it involves the cord at all, both the lumbar and the sacral

plexus. Of course this is not an invariable rule applicable to every

case ; for a tumor in the sacral portion of the lumbar enlargement

may at first produce functional disturbances only in the sacral plexus,

and this the more readily because, according to a law of general ap-

plication, it usually spares the roots of the lumbar plexus which pass

by it; and moreover, a tumor of the cauda may occasionally injure not
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only the sacral but all the lumbar roots, excepting perhaps the first,

before they emerge from the cord, and without touching the conus.

At all events it is probably safe to assert positively that when the

sj^mptoms begin with disturbances in the distribution of the lumbar

plexus, followed subsequently by disturbances in the sacral plexus,

the tumor is one of the lumbar enlargement and not one of the cauda.

This diagnosis is strengthened when the sacral symptoms present

at first such peculiarities as are caused by interrupted conduction be-

low the actual seat of the tumor (spastic s^^mptoms in the leg and

foot), or when the lumbar symj^toms merely predominate over the

sacral, about in the way observed by Bruns and by Allen Starr, the

anaesthesia being complete in the region of the lumbar plexus and

partial in that of the sacral plexus.

The diagnosis is also absolutely certain when there is marked
sensitiveness on i^ercussion below the second lumbar vertebra, since

the conus terminalis ordinarily reaches only as far as the middle of

this vertebra. In short if several of the above-enumerated differential

factors concur, especially the positive signs, such as sensitiveness on

percussion of the lower lumbar spinous processes and of the sacrum,

or spastic symptoms in the leg muscles, the differential diagnosis be-

tween caudal and lumbar-cord tumor may be positively made. In

less favorable cases this is not possible, and hence if an operation

is undertaken it is better to make the opening large enough to permit

inspection of the lumbar and caudal regions that may possibly be

involved, and as the lumbar enlargement is quite short this will not

necessitate a very great opening.

Course.

The course, particularly of tumors of the meninges, is chronic;

occasionally the affection may be prolonged over several decades, but

usually it lasts two to three years. The root symptoms, especially

the i:»ains, are often alone present for several years, the motor root

symptoms not developing until later. As soon as injury of the cord

})roper is superadded the progress is usually more rapid ; in the cer-

vical cord death may suddenly result from asphyxia, otherwise it is

usually the consecjuence of complications in the bladder, of bedsores,

or of general marasmus. The duration depends pre-eminently upon
the rapidity of growth of the tumor; malignant neo])lasms usually

increase more quickly, and it is probably in consequence of the more
frequent occurrence of metastatic carcinoma and sarcoma in the ex-

tradural adipose tissue that extradural tumors have a more rapid course

than intradural tumors, the proportion being one year and one month
as against two years and three months.



TUMOES OF THE MENINGES AND OF THE CORD. 641

Diagnosis.

The diagnosis of an obscure cord tumor will always remain one of

the most difficult problems. Two things are necessary to make this

diagnosis possible. In the first place we must have some informa-

tion—the more accurate the better—of the course of the disease, for

in typical cases the characteristic features are the initial unilateral

root symptoms with unilateral and later bilateral cord symptoms.

When this secxuence cannot be learned and we are face to face with

the complete symptom complex, the diagnosis will often not be a

positive one. In the second place the symptoms must have reached a

certain development before the diagnosis is possible. As long as the

morbid picture is composed solely of neuralgic symptoms the posi-

tive diagnosis of a tumor is out of the question. Under such circum-

stances it may even be difficult to differentiate a simple intercostal

neuralgia or the pains produced by disease of the heart or the great

vessels, though at times the diagnosis of a root lesion from a peripheral

neuralgia may be possible from the localization of the pains corre-

sponding to root regions and the absence of sensitive pressure points.

Hysterical neuralgise and those caused by a tumor might be differ-

entiated by the fact that the latter are incessant and rebellious, so that

even in this stage we would be led to suspect a serious organic disease.

This suspicion will of course be verified when paralyses, and particu-

larly circumscribed muscular atrophies with electrical disturbances, are

superadded to the neuralgige. But in tumors of the dorsal cord such

trophic disturbances cannot be demonstrated, and, moreover, at this

early period it is impossible to make a differential diagnosis between

simple forms of neuritis of the plexus in question and prevertebral

tumors, e.g., neoplasms in the pelvis and at the anterior surface of the

sacrum. Besides in this stage, especially with meningeal tumors, cir-

cumscribed sensitiveness of the spine, or perhaps a deformity, will

rarely be so marked as to render it likely that the pains and jjaralyses

would be ascribed to some vertebral or intravertebral cause. But when

in the further course sj^mptoms of compression of the cord appear, first

on one side and then on both sides, it will be certain at least that we have

to deal with a gradually extending focus of disease upon or within the

spinal column ; and it is in this stage, in cases with typical course,

that in recent times the correct diagnosis of a tumor has been repeatedly

made, that is to say, in the transition stage from root to cord symp-

toms. Leaving aside for the present spinal syphilis, which in rare

cases may produce similar symptom groups, v/e have to consider the

differentiation from the disease which most frequently causes com-
VoL. XL—41



642 BKUNS AND WESroSCHEED—DISEASES OF THE SPINAL COED.

pression of the cord, i.e., caries of tlie spine. Above all we must

consider here those cases of caries which present no distinct changes

in the vertebral column for a long time, during which they cause,

however, considerable root and cord symptoms—cases that on the

whole are not very rare. Under the head of vertebral tumors, we
have discussed the differences between caries and tumor, and have

stated our conviction that none of them is of decisive importance.

The entire course of the affection seems to be of particular importance

in the differential diagnosis ; when root and cord symptoms develop

at all in spinal caries the whole course is more rapid; the persistence

of root symptoms for years before cord symj)toms set in is rather in

favor of the diagnosis of tumor. The termination in spontaneous re-

covery would permit the exclusion of a tumor ; very marked deformi-

ties of the spine are more likely in caries. The diagnosis of a

meningeal tumor becomes almost absolutely certain in such cases with

typical course when there are tumors elsewhere; the writer has suc-

ceeded in diagnosing two similar cases.

The diagnosis of a meningeal tumor, therefore, is very probable

when in a concrete case the symptoms of marked compression of the

cord and its roots at a definite level appear in the order of unilateral

root lesion, unilateral and then bilateral cord lesion ; and when they

have developed gradually in the course of one or more years, so

that the root symptoms often have remained isolated for years before

cord symptoms manifested themselves. This diagnosis, however,

can be made with any prospect of being correct only when root and

cord symptoms are clearly marked.

That tumors of the cauda equina, as opposed to the other iutra-

vertebral neoi)lasms, usually begin with bilateral symptoms has been

stated above. Mention has also been made of the differential factors

between vertebral and intravertebral, and of the latter between extra-

dural, intradural, and true cord tumors.

Hypertrophic cervical pachymeningitis always affects the spinal

meninges on both sides. As it extends at once to several portions of

the cord, it is associated with widespread paralyses, atrophies, and

anaesthesise due to i^ure root lesions, without material implication of

the cord. This is impossible in cases of meningeal tumor having a

typical course, because in these the transition of the tumor along with

the symptoms from one side to the other must take place through and
across the cord. Moreover, pachymeningitis not rarely ends in

recovery.

Multiple tumors of the meninges might be recognized when, for

instance, one of thorn lias already ])rodu(-ed definite symptoms of a

root and cord lesion, and then root s^^mi^toms of an altogether differ-
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ent region are superadded. Wlien the tumors are close together,

however, the symptoms become mixed; possibly, too, it is only the

combination of several that presents the phenomena of a transverse

lesion at a definite level. Multiple tumors of the spinal meninges
are not rarely associated with brain tumors ; in that event the cere-

bral symptoms may mask those of the cord altogether.

When we have made the diagnosis of a tumor of the spinal me-
ninges, the second task is to determine exactly the level of the tumor.

According to Horsley, the cervical enlargement, the borders between
the dorsal and cervical cord, and the end of the dorsal cord, form
the points of predilection for the development of tumors of the menin-

ges, because at those places the latter leave more room. We have

above said something about the symptoms of tumors of the ui3per

cervical cord, of the cervical enlargement, of the dorsal cord, of the

lumbar enlargement, and of the cauda equina, but rather in a general

way; yet this is not sufficient for our present demands for a seg-

mental diagnosis with a view to operation; for this i)urpose it is

necessary to locate the level of the roots and segments in which the

tumor has its seat with perfect accuracy. Such localization is based

upon our present knowledge regarding the functions of the several

segments and their roots, for the two do not differ from each other.

With reference to this subject the reader should consult the section

on injuries of the spine, where the functions of each single seg-

ment are tabulated after Allen Starr and Edinger (p. 577). All that

is necessary in a concrete case is to determine accurately which mus-
cles are paralyzed and which cutaneous regions are anaesthetic, and
then to decide by the aid of the table to what level the lesion must
reach.

An accurate segmental diagnosis is almost invariably possible

only when the lesion has implicated the cord, and not until the cord

lesion has become nearly comjilete. We have seen above that the root

lesions generally manifest themselves solely by irritative symptoms,
and that these are too vague for a segmental diagnosis. Of greater

value are the symptoms of lost radicular conductiou, especially

paralyses and atrophies of the muscles ; the more so when the case

has been closely observed from its beginning, and when to the root

symj)toms are superadded those of interrupted conduction of the cord,

and both agree as to the level of the segment. But not until the in-

terrupted conduction of the cord has become approximately complete

do the ansesthesiae and paralyses show themselves sufficiently marked
to enable us to deduce the level of the lesion from their extent. The
upper end of the anaesthesia then at once indicates to us the upper limit

of the cord lesion, and in like manner the extent of the muscular paral-
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ysis enables us to determine directl}^ by the aid of our table to what

height the affection of the cord reaches.

As a rule we are able to determine only the upper limit of the

meningeal tumor. This is sufficient for practical jDurposes, and it is

even a matter of special importance in every case carefully to trace

the highest segmental sj-mptoms in the morbid picture, since expe-

rience has taught us that in many instances the location of the tumor

has been diagnosed too low. At the present time we can guard

against this error by Sherrington's law and b}' the rules applying to

segment and root lesions enumerated above. The impossibility, in

many cases at least, of saying anything positive about the inferior

limit of the tumors is due to the fact that in severe compression all

functions below it are paralyzed, and that therefore it is imma-

terial how far down a tumor may extend from this point of greatest

compression. This is especially the case in the dorsal cord, where

the anaesthesia is the same below as at the point of comi^ression,

for atrophy and electrical disturbances cannot be demonstrated in

sex)arate intercostal muscles. We are more favorabh^ i)laced with

reference to tumors at the cervical and lumbar enlargement. In these

cases all the muscles whose nerve roots emerge directlj"" at the level

of the tumor will show flaccid paralysis, atrophy, and the reaction of

degeneration, while the muscles innervated from below the compres-

sion are affected with a spastic paresis. In favorable cases, there-

fore, we may form a positive opinion regarding the entire longitudi-

nal extent of the neoplasm; but we may be hampered by three

facts : first, the roots often resist the tumors for a long time ; second,

when the muscular paralysis is caused by the cord lesion at the

point of compression, a distinct reaction of degeneration may be

absent ; third, pains present even in definite regions below the com-

pression do not always prove that the tumor extends downwards to a

corresponding level, for such pains may also be projected eccentric-

ally from implicated central sensory pathways situated at a higher

point.

The determination of the highest symj^toms to be localized, how-

ever, is usually easy and j^ractically this is, as a rule, sufficient.

Hence typical cases we have the following facts for the diagnosis

:

We have a total parai)legia usually spastic, but which high up is per-

haps atrophic and flaccid, and a total anaesthesia to a certain limit

;

above this point some partial symptoms of a cord and especially of

a root lesion may be present, and may indicate how far the tumor ex-

tends upwards above the place of total compression.

In our previous remarks we have assigned a subordinate impor-

tance, with reference to the segmental diagnosis of an intravertebral
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tumor, to tlie root symptoms, especially the paius. In this respect

we must make some reservation ^particularly in tumors of the menin-

ges. For if in a sijecial case we find at a certain level the symptoms
of a total transverse lesion, the pains, and especially also zones of

hyperaesthesia occurring beyond the limits of the interrupted con-

duction, may be of great diagnostic importance, since they may
point to an involvement of the roots above the total transverse le-

sion, and constitute besides the highest segmental symi)toms, the

determination of which we are most interested in. With the fur-

ther upward growth of the tumor they will likewise extend higher

and higher, while angesthesia has already set in in the regions which
were formerly painful by reason of the destruction of the roots

adjoining the point of greatest development of the tumor. If we
find, for instance, in a certain case total anaesthesia as far as the

region of the fifth dorsal segment, and hypergesthesia and pains in

the fourth, these pains can no longer be produced by an affection of

the fourth roots, because complete anaesthesia in the region of the

fifth indicates total destruction of the fourth segment as well, but

they point to an affection of the third or even the second pair of

dorsal roots. The cutaneous hyperaesthesia is of greater diagnostic

value than the pains alone, for it cannot occur below the point of com-
pression with eccentrically jjrojected pains, but always points to a di-

rect lesion of the respective roots. The zones of hyperaesthesia, ac-

cording to Allen Starr, take the same form on the extremities as the

cutaneous regions of the several roots which they cover ; on the upper
extremities, for instance, they constitute small strips from the shoul-

der to the fingers, and require careful search on account of their

narrowness.

Individual variations may also occur in the relations of the several

spinal roots, especially those for the muscles. Thus Eisler and
Paterson have demonstrated that the fibres for the peroneal muscles

are usually given off from the fourth, more rarely from the fifth lum-

bar root. Paterson speaks of the prefixed and postfixed type, and
careful personal observations have shown us that while in most cases

the fibres for the small hand muscles are derived from the first dorsal

and the eighth cervical segments, sometimes the seventh cervical seg-

ment takes part in the innervation.

It is obvious how important to a segmental diagnosis is the dem-
onstration of a circumscribed sensitiveness of the spine occurring

with movements, i:)articularly coughing, or during percussion; this

finding will become still more valuable when it agrees with the con-

clusions drawn as to the level of the tumor from the other examina-

tion. In such cases, of course, if an operation is resorted to, the



646 BRUNS AND WINDSCHEID—DISEASES OF THE SPINAL CORD.

trepanation will be made at the sensitive spot. When there is no

local sensitiveness of the spine, we must select for the operation that

part of the column or that spinous process which lies opposite the

upper limit of the tumor as indicated by the symptoms. But we

must remember that the tip of a spinous process does not correspond

with the region of the spinal root bearing the same number, but ex-

tends farther down (see page 579). We would especially recall to

the reader also the facts of Sherrington's law. If we find, for in-

stance, in a case of tumor the upper limit of the ansesthesia in a

cutaneous region innervated mainly by the seventh dorsal root,

the sixth dorsal segment, according to Sherrington, must also

be destroyed. The origin of the sixth root, however, lies opposite

the fourth spinous process, where the upper limit of the tumor must

be sought unless irritative symptoms indicate a still higher segment.

Should trepanation be undertaken at the limit of the anaesthesia, as

an unsophisticated observer might be inclined to do, the opening

would be three or four spinous processes too far down, and the tumor

would possibly be out of reach.

Not much can be said as to the possibility of diagnosing the

nature of a cord tumor. If the neoplasm is metastatic its nature

may occasionally be positively determined. If the patient is affected

with tuberculosis and the morbid picture indicates multiple tumors

situated in the cord the diagnosis of tubercle is reasonably certain.

Otherwise sarcoma and fibrosarcoma are most frequent in the me-

ninges, glioma in the cord. Coincident symptoms of a brain tumor

would render multiple sarcomatosis of the pia and arachnoid prob-

able.

Prognosis.

The prognosis of a tumor of the cord and its meninges is naturally

very grave. Recovery is hardly possible, though the process may be

arrested ; for instance, a tubercle or a cysticercus may become calci-

fied. Otherwise a tumor according to its nature will steadil}^ pro-

gress until it is no longer compatible with life. The prognosis can

be, and actually has been, materially improved by the possibilitj' of

an oi)erative removal of the neoplasm. This, however, applies solely

to tumors of the meninges ; those involving the substance of the cord

would hardly be subjected to an operation, even if this diagnosis

had been made.

Treatment.

Modem medicine may indeed be proud that it has succeeded in

making the diagnosis of a tumor of the cord and its seat sufficiently
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certain, and in removing the correctly diagnosticated tumor without

unduly endangering life and with a i^rosj^ect of cure or, at least,

arrest of the morbid process. This satisfactory result is to be

ascribed to the cooijeration of the clinician with the surgeon; it is

rare to find both qualifications together with those of an eminent

physiologist combined in one person as in that of Victor Horsley.

The only tumors suitable to an operation are in general those of the

meninges, but it is of interest that tumors of the meninges largely

exceed in number all the rest.

Prognostically favorable conditions for the surgical treatment of a

meningeal tumor are due to (1) the anatomical relations of this affec-

tion; (2) the sjjecial pathologico-anatomical nature of the tumors;

and (3) the influence of the tumor upon the spinal cord proper.

With reference to (1) it should be noted that the space in which a

meningeal tumor can develop is small and readily inspected. Most

of these neoplasms form on one side of the cord or on its posterior

surface so that after removal of the vertebral arches and opening

of the dura they come at once into view ; but even a small tumor situ-

ated on the anterior surface of the cord would be likely to be made

visible and accessible by the sacrifice of at most one or two dorsal

roots— a sacrifice that will hardly be manifest clinically.

With reference to (2) is to be noted that we have to deal with

primary and in many cases isolated new growths which do not tend

to form metastases. Moreover, these tumors are usually small—in fact

they must be so as long as they do not destroy the bone—and they

are generally only loosely adherent, so that they can be readily and

completely removed from their matrix. The favorable condition in-

herent in small si2-e, it is true, exists chiefly in intradural tumors;

extradurally we find flat tumors extending over a large portion of the

longitudinal axis, whose complete removal would necessitate too great

a resection of the spinal column. But aside from such cases we need

only look at the illustrations published by Gowers in his text-book

of tumors of the spinal cord to recognize at once that most of these

cases would have been very favorable for an operation. The asser-

tion of Horsley, however, which Allen Starr also repeats, that most

cases of spinal tumor offer favorable opportunities for an operation,

goes too far.

In (3), the effect of the tumor upon the cord, we find probably

the most favorable circumstance as regards the chances of an oper-

ation for a spinal tumor. The compression of a slowly growing tumor

does not change the true structure of the cord in many cases ; in some

it merely crowds all the elements of the cross section into a narrower

space and in others an oedema of the cord results. In either of the
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last-named instances the function of tlie cord may be lost during the

persistence of the compression; but as the structure is preserved,

when the pressure ceases, even after years, the normal function may
be restored. In many cases, therefore, we may wait quietly until the

symptom complex has advanced to comj)lete transverse interruption

of conduction, so that an accurate general and segmental diagnosis

can be made ; and in cases which do not come under observation until

the compression is of long standing there is still hope that the func-

tion will return after the pressure is relieved. It does not matter if

some single roots have in the mean time been definitively destroyed.

In order to make the above-mentioned favorable conditions prac-

tically available, it is of course necessary that in every case the diag-

nosis of a spinal tumor and its seat be reasonably certain. As we
have seen, the diagnosis of an obscure spinal tumor is rendered

probable by the course and grouping of the symptoms presented by

the cord, and this diagnosis becomes positive when in the other

parts of the body neoplasms are discovered which are similar in their

nature to those occurring in the spinal meninges. Nor is it neces-

sary that these be true metastases—for in that event the certainty of

the diagnosis would be counteracted by the bad prognosis, although

one of Kiimmel's cases shows that even then good results may occa-

sionally be obtained—there may be simply a simultaneous develop-

ment of several tumors in different regions. Nothing more need be

said here about the segmental diagnosis, in view of the full discus-

sion of the subject under the head of injuries of the spinal cord.

When the above rules are followed an erroneous diagnosis Avill be

rare indeed, and in carefully observed cases the segmental diagnosis

likewise will be so positive as to almost force us to decide upon an

operation. For all these reasons it is not surprising that even years

ago men of experience became convinced that the surgical removal of

a spinal tumor in cases in which the diagnosis was positive was most

desirable, and that nothing more was needed than greater technical

skill and reliable asepsis to furnish successful results in favorable

cases. Leyden was probably the first to take this bold plan into con-

sideration, for he said in 1874, that the only means [of cure]

would be extirpation after tre])anation of the spine, and that such a

procedure would be no less feasible than in spinal fractures.

Leyden considered these matters not only from a purely theoretical

standpoint, but in a correctly diagnosed case of obscure spinal tumor
he also weighed the chances of an operation. Erb also said in

1878 :
" When the diagnosis and the localization of a tumor are abso-

lutely certain, trepanation of the spine might be considered; ... a

successful result is by no means impossible, especially in a case
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of tumor outside the dura, upon its posterior surface." Gowers
said iu 1886: Modern methods render tlie opening of the spinal

canal much less dangerous than it was formerl}^ and the removal of

a tumor of the spinal meninges must be associated with less immediate

dangers than that of a cerebral tumor." While Leyden and Erb were

doomed to wait long for the realization of their hope, that of Gowers
was soon fulfilled iu the famous case observed by him and Horsley,

and which was operated upon by the latter (1887).

1. This was the case of a man aged forty-two, who began to suffer

in 1884 from intercostal pains under the left scapula, which continued
with varying intensity until February, 1887. Later there followed
weakness and loss of sensibility of both lower extremities, then re-

tention of urine. In June, 1887, there were paraplegia and total anaes-

thesia as far as the ensiform process (according to Head the region
of the sixth and seventh dorsal roots) ; at this level and somewhat
above it severe radiating j^ains were found, hence corresponding to the
sixth and fifth dorsal roots ; a short time prior to operation sensation
was abolished in the fifth intercostal space (sixth dorsal segment)
on both sides, and was uncertain on the left side in the fourth inter-

costal space, the main region of the fifth dorsal root. Pains were
present in the distribution of the fifth and sixth dorsal segments.
Horsley, according to the views then prevailing, correctly referred
the highest segmental symptoms of his case to the level of the fifth

dorsal segment and operated so as to strike the upper margin of

this segment. He removed the fourth, fifth, and sixth dorsal arches,

thus exposing the fifth dorsal root in its entire length. He failed

to find the tumor there, but found its lower limit at the origin of the
fourth dorsal root after removal of the second and third dorsal arches
in addition, and the upper limit which extended to the third dorsal
root was not reached until the first arch was also taken away. The
tumor was a fibromyxoma the size of a filbert and did not involve

the cord. Ten days after the operation the right leg could be moved,
after six weeks the left, and finally the patient could walk three miles
and passed his urine and faeces without diificulty. Horsley operated
too low because he was not acquainted with Sherrington's law as to

the anastomosis of the several roots, and also because he confused
root regions and intercostal spaces with each other. Operating at

the present day he would have struck the tumor at once without dif-

ficulty. In the presence of complete anaesthesia in the distribution of

the sixth dorsal root on both sides and with considerable dysaes-

thesia in the fifth segment, the latter must have been totally and
the fourth or its root materially injured; the pains in the fifth

dorsal root region then could hardly be still referred to a lesion of

the largely involved fourth root, but would point to an implication of

the third.

The sensation produced by this notable case of Horsley and Gowers

was a lasting one. One of its effects above all was that clinicians and
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pliysiologists endeavored more and more to place the segmental

diagnosis on a reliable foundation. What has been done in recent

years in this respect is stated at length in the diagnostic part of this

section and in that on injuries of the spinal cord; here we need but

mention the names of Sherrington, Head, Mackenzie, and Thorburn.

The rest of the clinical symptoms of cord tumors, the condition of

the cord and its functions, particularly the tendon reflexes below the

point of compression, the relation of the cord to the tumor, and the

pathological anatomy of the neoplasms are studied with increasing

care. Horsley himself set a good example, and not the least service

was rendered by clinical observations and pathologico-anatomical

examinations, especially in the cases subjected to operation (Bruns,

Allen Starr). Owing to this enlargement of our clinical and particu-

larly our diagnostic knowledge the number of tumors thus far oper-

ated upon has become considerable, and in view of the importance of

the subject it is worth while to pass them briefly in review. Accord-

ing to the literature at our disposal the number comprises twenty

cases, including that of Horsley-Gowers.

2. Horsley {British Medical Journal, 1890, II.). Complete para-

plegia and painful attacks for six months. Trepanation. The
tumor covered the dura for a distance of four inches. Death from
shock.

3. Roy, 1890 (Chipault). Paraplegia, girdle pains, etc. Removal
of the arches of the lowest four dorsal vertebrae ; intradural tumor.
Rapid improvement after its removal. The sensibility returned,

the paralysis of the sphincters disappeared, ultimately the patient

could walk with the aid of a cane.

4. Laquer and Rehn (Neurologisches Centralhlait, 1891, p. 193).

The diagnosis was tumor of the cauda equina. The principal symp-
toms were pains, slight vesical disturbance, atrophy of the quadriceps
muscles, and absence of the patellar reflexes. According to these

symptoms the diagnosis was perhaps not quite certain. The opera-
tion showed a cavernous lymphangioma in the sacral canal. Marked
improvement.

5. Fenger, 1890 (Chipault). One year previously painful at-

tacks in the lumbar region. Three mouths later, weakness of the
right leg, girdle sensation midway betAveen umbilicus and symphysis.
Subsequently weakness followed in the left leg. Then lancinating
pains in the legs, constipation, and paralysis of the bladder. Below
the fourth rib comi)lete loss of the temperature sense and diminution
of the pressure sense. Reflexes increased in the lower extremities.

Operation. The arches of the fourth and fifth dorsal vertebrae were
removed and the dura was incised. The cord was distended by a
spindle-celled sarcoma situated in the posterior columns, which was
enucleated. Comi)lftte jiaraplegia after operation. Death from sep-
sis on the fourth day.

0. Ramson and Anderson {British Medical Journal, 1891, II.,

1144). Lumbar i^ains, radiating into the legs. After four months
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they ceased and returned later. Then followed paraplegia, retention

of urine, anaesthesia of the legs, paralysis of the rectum, and bed-
sores. Patellar reflexes absent. Operation. Removal of the arches
of the eleventh and twelfth dorsal, first and second lumbar vertebrae.

The dura was opened but nothing found. Death after three days.
Autoi^sy—in the dorsal muscles two echinococcus cysts, another one
under the arches of the tenth dorsal vertebra. (In this case the oper-
ation was too low, a mistake which would not be made now.)

7. Pesearolo (Transactions of the Tenth International Congress,
Berlin, IV., 59). Paraplegia with incomplete vesical and rectal

paralysis present twelve years, anaesthesia reached to the fifth inter-

costal space. Previous to the paralysis neuralgias existed in the
third to fifth intercostal spaces. Tendon reflexes exaggerated. Diag-
nosis, tumor between the second and fifth dorsal vertebrae. The
arches of these vertebrae were removed and a tumor situated to the
left of the cord was found and extirpated. The cord was much
thinned. As was to be expected in view of the long duration of the

paralysis, there was no improvement except in the reflexes.

8 and 9 are cases by Lichtheim and Mikulicz, which have
thus far been only very briefly reported {Deutsche medicinisclie

Wochensclirift, 1891, p. 1386), These were two cases of compres-
sion of the cord by a psammoma of the dura mater. Both tumors
were removed by Mikulicz. In the first case (operation on June 19th,

1890) the tumor was at the level of the ninth thoracic vertebra. The
patient died of sepsis two days after operation. In the second case,

operated upon September 25th, 1890, the tumor was at the level of

the fourth thoracic vertebra. After recovery from the operation the
interruption of conduction, which had been total about six months,
so diminished that the patient could walk without the aid of a cane.

Some disturbances of sensibility persisted in the right leg with slight

ataxia on movement, also an anaesthetic semicircle at the level of the
fourth rib around the right half of the thorax, due to a lesion of

one [?] posterior root. (Reported thirteen months after operation.)

10. Ramson and Thompson {British Medical Journal, 1894, I., p.

395). Locomotive engineer, aged 50 years. Trembling, weak-
ness, stiffness, and pains in the legs. Patellar reflexes increased.

Subsequently ankle clonus, anaesthesia, inability to walk. Sphincters
normal. Girdle sensation. The left leg was weaker than the right

;

both legs were partially anaesthetic. Sensitiveness along the eighth
and ninth dorsal vertebrae. Diagnosis, tumor. The arches of the
fifth to the ninth dorsal vertebrae were removed and a tumor was found
at the level of the eighth dorsal root (round-celled sarcoma). Death
after three days.

11. Bruns and Kredel {Neurologisches Centralblatt, 1894, No. 3

and 1895, No. 7 ; Archiv fur Psychiatrie und Nervenhraiikheiten, Bd.
XXYin., p. 97). A young woman began to be affected in the sum-
mer of 1890 with pains in the sacrum and the lower lumbar spine,

radiating into the lumbar distribution first of both legs, then only
into that of the right leg, and later involving also the distribution of

the sacral nerves. The painful period lasted eighteen months, with
long remissions. Early in 1892 paralysis occurred in the distribution

of the right peroneal and tibial nerves (foot immovable), without
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marked ati'opliy and without qualitative electrical disturbances until

autumn of the same year. During this time no distinct or even par-

tial anaesthesia could be discovered anywhere. The pains continued.

A small fibrosarcoma on the right ear was extirpated. In the sum-
mer of 1892 the first vesical disturbances set in. In August of that

year paraplegia occurred rather suddenly, after very indefinite

symptoms of a right unilateral lesion. In September the anaesthesia

extended into the first lumbar region, with paralysis, atrophy, and
reaction of degeneration of all leg muscles, at first predominating in

the lumbar distribution. QEdema; complete vesical and rectal pa-
ralysis. Diagnosis, tumor (sarcoma) adjoining the right side of the

cord, centering at the level of the fourth or fifth lumbar root, but
extending as high as the first. Compression of the cord. While a
caudal tumor was excluded, the possibility of its presence was borne
in mind during the operation. We did not know at that time that in

total anaesthesia in the first lumbar distribution the eleventh dorsal

root must be involved in the destruction. On October 22d, 1892, the
ninth to twelfth dorsal and the first lumbar arches were removed.
The cord appeared very thick and did not pulsate, but nothing else

was found. The patient lived fourteen months longer, relatively free

from pain in the second third of this period. Few changes occurred
in the symjjtoms, only the pains and the limit of the anaesthesia grad-
ually rose higher. Death in December, 1893. At the autopsy the

lumbar cord and the second and third lowest dorsal segments were
found changed to a compact tumor; in the neighborhood of the ninth
dorsal root thick tumor nodules lay upon the i^osterior columns and
in the arachnoidal tissue surrounded the entire cord ; at the level of

the eighth segment especially the posterior and anterior roots were
transformed into tumor nodules the last remnants of which could be
followed as far as the fourth dorsal segment. Microscopical examin-
ation showed the neoplasm to be a multiple sarcoma of the meninges,
which had involved the cord. In this case, despite the correct diag-
nosis, success was not attainable,

12. Sanger and Krause {Mi'mchner medicinische JFochenschri/f,

1894, No. 22). Tobacco worker, aged 42 years. Violent pains on
the left side of the chest present for nine months. Admitted to the

Altona Hospital on March 6th, 1894. Of late, pains had appeared
also on the right side of the chest. Stiffness and coldness of the legs

present two weeks ; walking had become impossible three days before

admission. Ajiril 10th, complete paraplegia with partial analgesia,

painful girdle sensation. Pain on pressure from the seventh to the
tenth thoracic vertebra. The anaesthesia on the back extended on the
left to the seventh, on the right to the tenth thoracic vertebra. Tumor
diagnosed between the fifth and seventh dorsal vertebrae. Operation
A])ril 16th; the arches were removed from the fourth to the seventh
dorsal vertebra and the dura was opened. A small tumor was fouud
on the left side in the region of the sixth thoracic vertebra. The
cord was fiattened from the left. Death four days after operation.
Subdural hemorrhage in tlie brain, extending thence into the cord.

13. Bruns and Liudemann (NeitrologiscJies Cenfrcdhlatf, 1894,

p. 359, and 1895, No. 3; Archiv fnr PsTjcJiiafrie vml Nerveiih'ank-
Jieiten, Bd. 28). A young man, operated upon for tumor three times
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during the last six months (teratoma on the vena cava in the abdom-
inal cavity, sarcoma in the supraclavicular fossa, and one on the right
testicle). Soon after the last operation on April Dtli, 1894, pains
were felt in the left cutaneous distribution of the third dorsal root
(according to Head) above the nii)i)le; no i^ain at first on the right
side. Beginning April 12th gradual development of paraplegia, first

paralysis, then angesthesia, advancing from below upwards ; followed
by vesical and rectal paralysis, while the pains in the left third inter-

costal space continued. When the paraplegia was complete (April
23d) both patellar reflexes were lost, but the plantar reflexes were
preserved. At that date (a day before operation) total anaesthesia
reached to the fourth dorsal segment and sensation was very uncer-
tain in the third. Pains on both sides formed a belt around the chest
in the third dorsal segment and were present also in the distribution
of the second dorsal root (ulnar side of the arms) , but no paralysis
and anaesthesia anywhere in the arms. Total paraplegia, and paraly-
sis of the bladder and rectum. As there was total anaesthesia in the
fourth dorsal segment the lesion of the third root was certain to be
profound and to implicate considerably also the second dorsal seg-
ment or its roots. The latter was indicated besides by the blunted
sensation in the third dorsal segment and especially by the pains in
the distribution of the second dorsal root in' the arms. Pains had
been present from the beginning in the distribution of the third root
and this was therefore probably directly involved. Moreover, cor-

responding to these roots the space between the first and second dor-
sal spinous processes and the latter itself were markedly i)ainful on
pressure. While the diagnosis of a tumor and its seat was very easy,
the operation was undertaken only in compliance with the urgent re-

quest of the patient and his wife, since we had evidently to deal with
a malignant metastatic neoplasm. Resection of the first and second
dorsal arches was performed. At the uiojier margin of the third dor-
sal root segment was a flat, very vascular, extradural tumor (sarcoma
of the extradural adipose tissue), which covered the entire posterior
surface of the cord. After removal of the third and fourth dorsal
arches this tumor could be followed as far as the sixth dorsal seg-
ment. It was extirpated as far as feasible. The dura was not
opened. The patient died of shock the same afternoon. The au-
topsy showed that some small remnants of the tumor had been left

above and below. Macroscopic and microscopic examination of the
cord revealed total softening of the third and fourth dorsal segments,
diffuse myelitis at the level of the second, and scattered foci of de-
generation with many recent hemorrhages ; the first dorsal segment
was nearly normal. Some diffuse myelitis was also i:)resent in the
fifth and sixth dorsal segments. There was nothing abnormal in the
lumbar cord except degeneration of the lateral pyramidal tracts. In
view of the findings in the third and fourth dorsal segments func-

tional restoration could hardly have been expected.

14 and 15 are cases by Abbe, of which we have seen only brief

abstracts by Allen Starr {Medical Record, 1889 and 1890). The first

case was that of an extradural tumor extending from the eighth to

the tenth dorsal segment. The tumor was extirpated; the patient

recovered from the operation and the paralysis improved.
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In tlie otlier case an extradural sarcoma was removed from tlie

eighth and ninth dorsal segments. The patient died on the ninth
daj^ after the operation.

16. Starr and McCosh (American Journal of the Medical Sciences,

June, 1895). Onset with rather vague pains in the abdomen and
in the right shoulder. Gradual development of a markedly spastic

paralysis of the legs and of the abdominal muscles, clonic reflexes,

anaesthesia up to the distribution of the seventh dorsal root with
superimposed zones of hyperesthesia; pains round about the abdo-
men, likewise in the distribution of the seventh dorsal root. No
vesical disturbances. The extradural sarcoma was found directly

under the arch of the fifth vetrebra; it surrounded the cord almost
completely, was flat throughout and very vascular. It was entirelj^

removed. No improvement followed; the patient died about two
weeks later of marasmus.

17. The same operators (ibidem). A few weeks previously the
patient had been operated upon for a lipoma of the right knee-joint.

Then she began to suffer severe pains in the distribution of the lum-
bar plexus, i.e., particularly at the anterior surface of the thighs.

Anaesthesia was present in the same region ; sensation was good in

the sacral distribution. Weakness of the legs with increased reflexes

and spastic symptoms. Vesical disturbances. Diagnosis, lipoma of

the lumbar cord. At the operation such a tumor was found extra-

durally, corresponding to the upper part of the lumbar cord, and was
removed; an additional small tumor was situated above it. Onh^
very slight improvement followed; the patient ultimately died of

caries of the upper dorsal spine.

18. Starr and McBurnej'^ (ibidem). Tubercle on the outer surface
of the dura, corresponding to the upper and middle jjortions of the
lumbar enlargement. The symptoms of spinal caries had been pres-

ent for a long time before cord symptoms ai:)peared. The extent of

the anaesthesia pointed on the right side to implication of the second,
on the left to that of the third lumbar segment. Spastic paralysis
of the legs; vesical disturbances. The tubercle was removed. Great
imi^rovement of all symptoms to the end of the fourth week; then
followed acute gastritis and renewed exacerbation of the symptoms.
A second operation disclosed additional tuberculous masses which
could not be removed. The patient died a few months later.

19. Mitchell Clarke (Brain, 1895). Flaccid paralysis, atrophy,
and electrical disturbances in both hands and forearjns

;
paresis of

the muscles of the upper arm and shoulder. Spastic paralysis of the
legs, with patellar and Achilles clonus. Vesical and rectal paralysis.

Sensation abolished on both forearms, behind on the upper arm, on
the trunk from the second rib to the inguinal fold; sensation present
on the thighs, but the legs were anfesthetic. Hyperaesthesia from the
third to the fourth rib. No severe pains. Diagnosis, tumor in the
lower i)ortion of the cervical enlargement. At this point the o])era-

tion disclosed an extradural endothelioma, which was removed. Pro-
fuse hemorrhage. Death some hours after o])eration.

20. Kiimmel (Archiv fi'ir Jdiimche C/drnrgie, Bd. 50, 1895). In
189H operation for a sacral sarcoma. In March, 1894, gradual develop-
ment of a spastic jjaraplegia. Hypersesthetic zones above the third

I
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thoracic vertebra. Diagnosis metastatic sarcoma. This, as shown by
the operation, had sprung from the third and fourth vertebral bodies
but could not be removed. Marked improvement. The i)atient could
walk well, but the bladder remained paralyzed. This was really a
tumor of the spinal column.

On reviewing this considerable number of operations for cord

tumor we cannot fail to recognize that the experience gained by them
will certainly justify such surgical treatment in similar cases. In

the first place, the diagnosis of the tumor was correct in every in-

stance. While the objection may be made that as a rule oj^erative

cases with erroneous diagnosis are not likely to be reported, still to the

best of our knowledge thus far there has been only one case—to be men-

tioned hereafter—of erroneous diagnosis which was published with

commendable candor ; and besides, this can in no way alter the fact that

nowadays the correct diagnosis of a cord tumor is feasible in a much
larger number of cases than would have been expected not long since.

And, Avhat is of equal importance to an operation, in most instances

the diagnosis of the level was successful; onh'^ in the sixth case

above enumerated was the operation too low and the tumor was

not found. If Horsley and Gowers in their case had not been so

certain of their diagnosis that they were not deterred by their first

negative finding but looked higher, they would have met the same
fate.

In 18 of the 20 cases the correctly diagnosed tumor was removed

during the operation ; in one instance it was not found because the

opening was made too low ; in Bruns' first case (No. 11) because it was

a flat sarcoma of the meninges which was not recognized during the

operation and besides could not have been removed. In 6 of these

20 cases marked improvement and even recovery was attained, that

is, in exactly thirty per cent. ; in 2 only very slight and in one tem-

porary improvement followed. In 12 cases death occurred; 9 soon

after operation by shock, after-hemorrhage, and sepsis ; 3 at a later

period by relapse, marasmus, and extension of the tumor, which was

not discovered during the operation (No. 11). Thirty per cent, of

cures or improvement is quite a favorable result in a disease which

unless relieved by operation inevitably ends in a most painful death.

Besides, death from sepsis will probably be avoidable and perhaps

also cases of fatal shock from hemorrhage or prolonged operation will

lessen in number. The most important point in improving the

prognosis of this operation is probably still greater certainty in the

diagnosis, which will enable us to operate as early as possible, and

this will doubtless be attained, judging from the experience of recent

years. In short, we are not only justified but morally obliged in every
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case of correctl}' diagnosed tumor of tlie cord to advise tlie i)atient

to submit to an oj)eratiou.

Thus far we have inteutioualh' pointed out everything in favor of

an operation for a cord tumor. It now becomes our duty to paint

also the shadows of the jjicture presented, for the matter is b}'

no means so favorable as was assumed after the first brilliant re-

sult. This is proved by additional exj)erience and by a i^erusal of

the cases above enumerated, and we are forced to differ decidedly

from Horsley and Allen Starr, who assert that most tumors of the

cord may be operated upon with a prospect of success. Many things

concur in nullifying the final practical result even in carefully ob-

served cases. The first of these are rather surgical in their nature.

The operation is always a dangerous one; it is jjenetrating and pro-

longed ; the loss of blood is very great during the mere division of

the long back muscles ; the hemorrhage from the cord and tumor is

often arrested with difficulty, especially in flat extradural sarcoma

(cases 13 and 19). Moreover, as stated before, according to the more

recent observation of Chipault, the opening of the dura and the

escape of cerebrospinal fluid may directly jeopardize life.

A second factor against the operation is that while, as stated

above, in carefully observed and typical cases the diagnosis is often

successfully made, it is always a most difficult one. In cases

otherwise favorable the diagnosis, as we have said, may become posi-

tive when tumors are found in other parts of the bodj'. Of course

with true metastatic tumors the greater certaintj^ of the diagnosis is

counteracted by the worse prognosis, and the writer must confess that

in his second case (No. 13 in the list) he hesitated long and decided

to operate only in compliance with the urgent request of the jDatient

and his wife. Since then Kiimmel's case (No. 20) has shown what

good results may be obtained even in metastatic cases, and therefore

the operation must be regarded as justifiable.

In the absence of tumors in other organs the diagnosis of a cord

tumor ma}^ be a very i)robable one but will hardly ever be quite cer-

tain; for the case may prove to be one of caries of the sjoine, of sim-

])le myelitis, or an inoperable tumor of the vertebral column. The
case above referred to, of an operation under an erroneous diagnosis

of a cord tumor, was that of F. Schultze and Pfeifer and it shows

that such a mistake may happen even to experienced observers. The
diagnosis was based u])on ])rolonged and rebellious pains located at

a definite spot and associated with slight cord symptoms, but no

tumor was discovered at the operation or at the autopsy. The
case proves that it is wise to defer the diagnosis of a meningeal tumor

until the cord symptoms have become marked; root symi)toms and

4
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especially pains, no matter how persistent and how strictly localized,

do not suffice for making this diagnosis.

The segmental diagnosis of a tumor is at all events more difficult

than that, say, of a trauma. The latter in general produces much
simpler conditions ; usually it abolishes function, at least temijorarily,

at a definite transverse level. A tumor may never do so; it may cause

merely a partial lesion which does not admit of a positive diagnosis

of the level; or else the symptoms of interrupted conduction at a cer-

tain point are produced by the combined effect of several tumors each

of which by itself causes only a partial lesion. For this reason a

positive segmental diagnosis will be impossible. But even when the

general and segmental diagnosis of the tumor is absolutely correct

we may meet with an unexpected surprise during the operation, as is

often the case with brain tumors. This happened, for instance, with

No. 11 in the list, in which the correctly diagnosticated tumor was a

flat sarcoma of the meninges that could not be extirpated or even rec-

ognized during the operation. Besides, it was a case of multiple

tumors—a condition only rarely discoverable; if such a diagnosis

can be made, which is most likely with simultaneous cord and brain

tumors, an operation would of course be out of the question. Com-
plete extirpation is also impossible in flat extradural tumors, as in

cases 13 and 19. Their length is often so great that their com-

plete removal would require the sacrifice of too much of the spine

;

besides, their inferior limit is unfortunately not to be diagnosed, as

a rule.

Moreover, although the arrested function of the cord resulting

from pressure of a tumor is usually, as we have seen, due to con-

ditions capable of repair, such as oedema and simple compression,

still complete softening may set in, as in case 13, so that functional

restoration will fail even after the pressure is relieved. Such

softening will generally be ischsemic or inflammatory in its na-

ture. It cannot be diagnosed, for a benign cedema in meningeal

tumor may produce as rapid a paraplegia as an irreparable soft-

ening ; a slowly developing, perhaps at first unilateral, then bilateral

paralysis would indicate rather a benign cause of the interrupted

function.

Finally, the differential diagnosis between a tumor of the cord and

one of the meninges is very difficult and usually impossible. When
the diagnosis of a cord tumor is positively made an operation will

probably be out of the question, since recovery or even improvement

is not to be expected and the enucleation of the tumor from the cord

could only make the symptoms worse. When the diagnosis between

a tumor of the cord and one of the meninges is in doubt, and on

Vol. XI.—42
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operation a cord tumor is found, which is sharply demarcated and

has completely destroyed the cord, the best plan would be to resect

the entire portion of the latter. Additional morbid symptoms will

not be caused thereby, but a further spread of the tumor and the con-

tinual recurrence of pains may be prevented. Of course, owing to the

narrowness of the field of ofjeration, the recognition of the limits of a

cord tumor will always be difficult.

These are all of the difficulties which in cases of correct diagnosis

may destroy our hopes for a favorable result from the operation.

But none of them should j)revent us from advising an operation in

every case in which the diagnosis is well founded. They may, how-

ever, cause us not to press the matter too urgently = In these cases

as in brain tumors it is the writer's habit, whenever possible, to

explain to the patient or his relatives all the chances of the opera-

tion and this in not too hopeful a strain, leaving the decision to them.

It will be a matter of tact to give our information in such a way as to

spare the patient as much as possible. A patient who suffers much
will usually decide for an operation,

A few words may be added as to the non-surgical treatment of

cord tumors, and this is to be divided into two periods. First, that

before operation. This includes above all an antisyphilitic treat-

ment and in view of the frequency of syphilitic diseases of the cord

with symptoms resembling those of tumors it should be instituted in

all cases in which the possibility of infection or of hereditary sj^philis

is present. The cases in which it can be absolutely excluded, as in

No. 13 of the list, will be rare, and in these no time will be wasted

over a course of inunctions. Otherwise, the time devoted to anti-

syphilitic treatment, which will be begun in the stage in which the

diagnosis is uncertain and root symptoms predominate, will be uti-

lized in perfecting the general and segmental diagnosis in every

direction by continued careful observation.

The second period of non-surgical treatment covers the time after

unsuccessful operations, or the whole course of such cases which can-

not be operated upon either because of uncertainty of the diagnosis

or because of the refusal of the patient. Its main object is the miti-

gation of the severe pains, for which purpose morphine and hj'pnotics

should be freely used. Careful general management is self-evident-

it comi)rises the bedding, cleanliness, supervision of the vesical and
rectal evacuations, and the prevention of bedsores. The details have

been discussed under the head of vertebral tumors.

The writer may venture to make some further remarks, although

they encroach upon surgery. We have seen that in order to remove

the tumor a large number of vertebral arches must often be sacrificed.
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This is of no consequence at the lumbar spine and particularly at the

sacrum. At the cervical and upi)er dorsal spine, however, the mainte-

nance of the head in an erect position is rendered imj^ossible by the

removal of several vertebral arches. For this reason it is advisable

in every case to try Urban's osteoplastic resection of the vertebral

arches, in which the skin, muscles, and bone remain in connection

and are turned back to their place after the completion of the opera-

tion. The latter of course is thereby made much more difficult and
certainly will take longer to perform. Besides, some pieces of bone

occasionally become necrotic.

In case No. 13 it was found on microscopical examination of the

cord above the softened focus that numerous recent hemorrhages had

occurred at this point which was besides no longer sound. As most

of the hammering and chiselling during the opening of the spine was

done opposite this region, there is no doubt that these hemorrhages

were due to the ojjeration. As such hemorrhages are far from harm-

less it will behoove surgeons to avoid them by employing milder

methods of operation.

The trepanation must always be jjerformed upon the arch corre-

sponding to the segment in which the highest symptoms are to be

localized. As a rule the tumor will be found at this point ; if not,

we must go farther down; possibly, however, another higher arch

may also be sacrificed.

HiEMATOMYELIA.

Definition.

In this place we shall speak only of the primary hemorrhages

into the substance of the spinal cord (spinal apoplexy), which are

the result of injury to one or more of the small vessels of the cord.

We do not of course take in consideration whether these vessels were

previously perfectly healthy or were affected by arteriosclerosis, or

whether a congenital (hsematoijhilia) or acquired (scorbutus) hemor-

rhagic diathesis of the individual previously existed. Secondary

hemorrhages in cases of tumor, especially glioma, or of diffuse mye-

litis or poliomyelitis are excluded. A red softening may also occur

in thrombosis of the blood-vessels of the spinal cord in the area of

these vessels. This disease, the frequent occurrence of which has until

lately been underestimated, was formerly looked upon generally as a

hemorrhagic form of myelitis. These cases, however, do not belong

to hemorrhages proper of the spinal cord.
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History.

Our knowledge of spinal apoplexy dates as far back as the first

anatomicopathological studies of the spinal cord. For a long time

no sharp distinction was made, and cases of hemorrhage in glioma

as well as in inflammation and thrombotic softening were grouped

together with primary hsematomyelia. When, however, it was dis-

covered, especially through the researches of Charcot, Hayem, and

Koester, that a great number of cases which up to that time had been

looked upon as primarj" hemorrhages, were really secondary hemor-

rhages originating in true or supposed cases of myelitis, Hayem
went so far as to deny the occurrence of primary hemorrhages of the

medulla; according to his view, hemorrhage into the cord occurred

only as a result of inflammatory processes. This opinion could be

entertained only because at that time myelitis was considered of more

frequent occurrence than it really is, the softening of the spinal cord,

which is not infrequently due to thrombosis, and in which we of

course frequently meet with blood extravasation, being looked upon

as a true myelitis ; and furthermore, the symptoms of reaction which

present themselves in the neighborhood of primary blood extravasa-

tions were also regarded as evidences of a primary inflammation.

In addition to all these sources of error Hayem neglected entirelj^

the primary traumatic hemorrhages and those occurring in arterio-

sclerosis, notwithstanding that Lionville and Goldammer had posi-

tively demonstrated the presence of the latter. The greater number

of later authors, especially Leyden and Erb, have always admitted

the fact of primary hemorrhage of the cord, although they may have

regarded it as of rare occurrence. As concerns our knowledge of trau-

matic hsematomyelia we are particularly indebted to Minor.

Etiology.

A hemorrhage of the spinal cord, analogous to the common form

of cerebral apoplexy, is undoubtedly of rare occurrence. As we are

not able to assume that the arteriosclerosis, which is so frequently

])resent, stops short at the spinal cord (on the contrary is usually

found quite marked in the spinal cord in old age) ; as furthermore,

miliary aneurysms, which are regarded hj Charcot and others as of

special importance in the genesis of apoplexy, have also been seen in

the si)inal cord, the infrequency of apoplexy of the spinal cord itself

must be attributed to other causes. Gowers believed that the blood

pressure was rarely as high in the arteries of the si^inal cord, on ac-
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count of their tortuosity and length, as in the cerebral arteries. We
nevertheless do meet, even if rarely, with hemorrhages of the spinal

cord, of sufficient extent to cause distinct symptoms, as the result of

a spontaneous rupture of blood-vessels affected by arteriosclerosis

;

smaller miliary hemorrhages are in all probability not so very rare.

It was formerly supposed that other lesions depending on vascu-

lar disease were more rarely met with in the spinal cord than in

the brain. This may be true of embolism, but thrombosis occurs

much more frequently than was formerly believed, although it cer-

tainly is less common than thrombosis of the cerebral blood-vessels.

Whether nephritis, which more frequently leads to changes in the

heart and blood-vessels in the young, may also be a cause of hemor-

rhage in the spinal cord, is not yet positively determined. It is very

probable that spinal hemorrhage occurs in cases of scurvy and of

purpura hsemorrhagica.

The most important cause of a pure uncomplicated and primary

hsematomyelia is undoubtedly traumatism. According to Oppen-

heim this is the cause of hemorrhage of the spinal cord in nine-tenths

of the cases. Cases of severe destruction of the spine and of the

spinal cord in which hemorrhage is only an accidental factor need

not, of course, be considered here. We are concerned chiefly with

those cases of injury to the back which are not of sufficient severity

to cause a fracture or dislocation of the vertebrae, but as a result of

which hemorrhage has taken place into the tissues of the spinal cord

;

this occurs in cases of violent blows on the back, of falls on the

head, on the buttock, or on the feet, or even of forcible bending of

the spine to one or the other side. Quite frequently a bending of

the spine and of the cord at about the junction of the cervical and

dorsal cord is produced by a fall on the head; the spinal cord is

here strained and hemorrhage occurs at the spot which receives the

greatest strain, leading to a destruction of the cord without any evident

lesion of the spine. A special cause of multiple and extensive hemor-

rhages came under the writer's observation in a case of tumor of the

spinal cord. In this case the hemorrhage was obviously produced by

the concussion to which the cord, of course previously diseased, was

subjected in the process of opening the spinal canal in order to remove

a tumor.

Many minor causes, which it is rather straining a point to class

with traumata, have given rise under certain circumstances to hemor-

rhage of the spinal cord. Among these the most frequent is perhaps

the lifting of a heavy weight on the shoulders. Oppenheim men-

tions other cases, for example, a soldier drilling with a rifle, and a

person possessed of considerable strength who tried to break a piece
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of wood with his feet. Gowers mentions the occurrence of spinal

apoplexy after coitus practised four times at brief intervals, the

hemorrhage occurring during the fourth act. It is probable that such

slight causes can produce a hemorrhage only in case of disease and

brittleness of the blood-vessels or of the hemorrhagic diathesis.

We may furthermore mention that suppression of the menses or

of a hemorrhoidal flux is said to have been the cause of spinal apo-

plexy. From the preponderance of traumatism in the etiologj^ of

hemorrhage of the spinal cord it is very natural that it should occur

much more frequently in men than in women, and with special fre-

quency during the most robust period of life.

Pathological Anatomy.

Hemorrhage into the tissues of the spinal cord shows a marked

preference for the graj^ matter. In this location it may involve the

whole cross section of the anterior and posterior horns or only the

anterior horns, or even only one anterior or one posterior horn.

Typical cases of the latter are described by Minor. In the white

matter the hemorrhage occurs by preference in the posterior columns,

and especially in the connective-tissue septa of the latter; in the cer-

vical cord in the sulcus intermediolateralis. Both points of predi-

lection are based on the fact that the gray matter and the above-

mentioned septa contain the greater number and also the largest

blood-vessels, and that the tissue of the gray matter is looser than

tliat of the white matter. The extent of the hemorrhage laterally

is usually limited, but it is for that reason greater in a longitudi-

nal direction. In extreme cases the hemorrhage may involve the

Avhole length of the gray anterior and posterior columns (the so-called

tubular hemorrhage), but usually it extends over only a few segments.

As a general rule, a hemorrhage in the cervical or lumbar enlarge-

ment takes place more readily than one in the dorsal region.

If we look at a spinal cord into which a hemorrhage has recently

taken place, the blood clot may often be visible through the surround-

ing >vhite matter, as a mass of a bluish-red color; in severe cases

of so-called tubular hemorrhage the whole spinal cord may form only

a thin-walled sac surrounding the blood clot. The cord is then

somewhat increased in diameter. On cross section the blood clot

is seen to be made up of red l)lood corpuscles and the remains of

nerve tissue. If we examine recent cross sections microscopically,

we notice that the blood clot does not stand out in relief from the

healthy tissue with f)erfectly well-defined borders, but in conse-

quence of the effusion as well as of the accompanying oedema, we
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find more or less destruction of the nerve substance. This de-

struction was formerly designated as secondary myelitis, which is

not altogether correct. If the clot is somewhat older, we shall find

the blood corpuscles in all stages of disintegration and destruction;

free coloring matter of the blood will be found abundantly, and
along with it broken portions of the cord, as well as free myelin

and granular cells. The granular cells are found more especially in

the immediate neighborhood of the clot, but there is also seen here

a hyperplasia of the neuroglia, and especially an increase in the

number of blood-vessels. In the case of very small clots cicatricial

tissue may be formed, whose origin in a hemorrhage may be recog-

nized only by its richness in pigment granules and especially in

hsematoidin. More frequently, especially after a large hemorrhage,

the blood may be dried up into a crumbling mass, or else it becomes
more and more fluid. In a very few cases only does absorption pro-

gress so far as to leave behind simply a serous cj'st, such as we so fre-

quently find after cerebral hemorrhage; this cyst is then enclosed in a

capsule of more or less firm connective tissue. The unimportant

changes in the neighborhood of the clot itself usually disappear alto-

gether. Quite frequently we find long cracks or hollow tubes in the

spinal cord after a haematomyelia, especially in traumatic cases ; they

may gradually extend upwards to a great distance from the blood clot.

These are found most frequently at the root of the posterior horns.

Later on they may be filled with serum ; their walls are formed by an

increased growth of the glia^ which is usually completely filled with

granular cells. It was formerly believed that these were always

caused by hemorrhages, but we now know that they may also be pro-

duced by a long-continued necrosis due to traumatism, after the

necrotic portion has been absorbed. The proof of this is furnished

by those cases in which the necrotic plugs are still to be seen loosely

filling the tube. These tubes and fissures remind one very much of

syringomyelia, and it has been contended that the latter afi^ection

may so arise. Secondary ascending and descending degeneration

may be met with when the white matter is extensively invaded. It

goes without saying that the peripheral nerves and muscles depend-

ent on the destroyed segments also become degenerated.

In recent cases, in which we find the clot composed wholly of red

blood corpuscles, the diagnosis is probably easy. Later on, how-

ever, when the blood corpuscles commence to disintegrate, when
granular cells are found in the clot, when the neighboring parts are

plainly breaking down, and when hyperplasia of the glia and blood-

vessels has appeared, the differentiation from myelitis may be very

difficult. In its more minute histological appearances a "myelitic"
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clot is hardly distinguishable from a contusion and hemorrhage of

the cord. Much more difficult still may be the differential diagno-

sis from thrombotic softening ; and even in glioma with hemorrhage

the demonstration of a neoplasm, which occasionally occupies only a

narrow border around the clot, is not always an easy matter; fre-

quently, therefore, we have to rely upon a history of the appearance

of the disease immediately after a traumatism in order to establish

the diagnosis.

Symptoms and Couese.

The symptoms of hsematomyelia in the beginning are those of a

sudden, usually lightning-like, interruption of conduction in a certain

segment of the cord. It is only rarely that the paralysis occupies

an appreciable time (a few minutes to half an hour) in attaining its

full extent; during this time violent pain is usually felt. In the

most aggravated cases of extensive tubular hemorrhage the bleeding

may last a number of days, and during the same length of time pa-

ralysis will gradually extend, usually from below upwards.

The extent of the symptoms depends of course upon the seat of

the hemorrhage. When this is in the cervical and upper dorsal cord

the arms, legs, and trunk are paralyzed, the arms frequently, how-

ever, only partially. In the arms alone, atrophy of the muscles ac-

companied by the reactions of degeneration will soon make its ap-

pearance, while the nutrition of the muscles will be but little affected

in the trunk and the legs. Sensation is abolished up to the level of

the area supplied by nerves arising from the affected segment of the

spinal cord. The tendon and skin reflexes are abolished during the

first few days, but later the tendon reflexes generally become exag-

gerated, as the total interrujjtion of conduction in the affected seg-

ment is only rarely permanent. As regards the bladder, retention of

urine is at first present, later there is difficulty in micturition or even

ischuria paradoxa. The sphincter ani is paralyzed, but there is

usually pronounced costiveness, so that soiling with faeces rarely

occurs. If the seat of the lesion is in the upper portion of the dorsal

cord, a unilateral or bilateral contraction of the pupil and narrowing of

the palpebral fissure may also be noted. Occasionally priapism is

present. If the hemorrhage has its seat in the dorsal region of the

cord, the symptoms are the same, i)aralysis and atrophy of the

muscles of the arm only being absent. When the seat of the lesion

is in the lumbar region, the lower extremities alone are paralyzed and

anaesthetic. The muscles of the lower extremities will then soon

I)resent atrophy and the reactions of degeneration. The tendon

reflexes are usually permanently abolished in these cases. There
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will be permanent incontinence of urine, the sphincter vesicse being

able to retain only a small quantity of urine. As a general rule

impotence is present. The most varied grouping of paralysis and
anaesthesia may also be present in ajjoplexy in the lumbar cord,

according to the extent of the hemorrhage. For a more detailed

account of the symptoms in cases of hemorrhage into the different

segments the reader is referred to the section on injuries of the spinal

cord. In hemorrhage into the conus meduUaris we find paralysis

of the bladder and rectum, impotence, and anaesthesia of the perineal

region, the anus, and the genital organs, occasionally also of the pos-

terior surface of the thigh.

The occurrence of trophic disturbances, especially bedsores, in

the area of anaesthesia, and of disturbances of the function of the

bladder, perhaps followed by cystitis and nephritis, is common to all

severe cases. As a rule the temperature of the skin is somewhat

raised in the paralyzed limbs
;
perspiration is abolished in the part.

In the worst cases death may occur from a spreading of the

hemorrhage so as to involve the nuclei of the phrenic nerve, or from

grave complications. In very rare cases it will occur a few minutes

after the advent of the hemorrhage, which in such case is, of course,

very extensive. As a rule the symptoms of a total transverse lesion,

which are partly due to pressure by the clot or oedema in its vicinity,

very rapidly disappear again. The functions of the bladder and

rectum again return, the bedsores heal, and the paralysis is limited

mainly to the most gravely affected parts, in which it is then, how-

ever, permanently established. This period of convalescence may
continue a variable length of time, according to the size of the clot.

Those muscles which remain permanently paralyzed, as a rule rapidly

become atrophied and soon present complete reaction of degeneration,

and after a time electrical irritability is altogether lost in them.

Owing to the preference of the hemorrhage for the gray matter,

when it is situated in the cervical region of the cord, a more or less

extensive atrophic paralysis of the arms remains ; if it is situated in

the lumbar region of the cord one of the lower extremities will remain

paralyzed. If the posterior horns, as is usually the case, are also

involved, there remains a permanent disturbance of sensation^—some-

times only a partial one for pain and temperature.

In unilateral hemorrhage, the picture of Brown-Sequard's pa-

ralysis may be present, as has been observed by Minor; this con-

sists in atrophy and paralysis of one arm and spastic paralysis of

the lower extremity of the same side, and on the opposite side a loss

of the temperature and pain sense; in that case the symptoms re-

mind one very much of syringomyelia. If the destruction is con-
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fined to one anterior horn, there ma3^ also result a pure atrophic

paralj^sis of the extremity in question, without Sbny disturbance of

sensation whatever ; if it is confined to the posterior horn, but in-

volves a great extent of it, a hemiansesthesia for the sensations of

temiDerature and pain alone may result.

When the hemorrhage is small and its action on the neighboring

parts is slight, the paralysis may be i)artial from the beginning, and

in that case the subsequent improvement will not be so marked as

after total paralysis. There may also be present from the beginning

a very extensive but incomplete paralysis—a paresis. Only in the

most severe cases of traumatism is the total interruption of conduc-

tion in the cord a permanent one.

Diagnosis.

The diagnosis is easily made in those cases in which the etio-

logical factors are characteristic and the beginning and further course

of the disease are typical. Should a sudden grave paralysis, es-

pecially a paraplegia, occur after the reception of an injury, espe-

cially of the sx-)inal column, in a previously healthy individual, and

should it again disappear in the manner above described, so that

finally the symptoms of only a circumscribed lesion remain, the

diagnosis may then be made with certainty. It becomes difficult at

once, however, when all these facts are not in accord, or when the

previous history is defective, and we are in the i)resence of the final

stage of the process. It is also more difficult if the symptoms point

from the outset to a partial lesion of the cord.

The differentiation of a hemorrhage into the tissues of the spinal

cord from one into the membranes, the so-called haematorrhachis, is

very difficult, and in the beginning quite impossible. This can be

readily understood, since a combination of both forms of hemorrhage

will very probably occur after a severe trauma. In contradistinction

to hsematomyelia, the marked excentric pains and those of the back,

the hyper?estliesias, and the stiffness of the spine are characteristic of

haematorrhachis ; on the other hand, in this affection disturbances of

the bladder are usually absent, the paralyses and esi)ecially the

hyx)erfesthesias are less marked, and the atrophy is by no means com-

plete. Finally, perfect recovery usually results in hirematorrhachis,

but not in haematomyelia.

The differentiation from acute myelitis may be difficult. This,

it is true, is of very infrequent occurrence, and paralysis probably

never makes its appearance as rapidly as in haematomyelia. As a

rule also prodromes are present, such as pain, spasms, etc. ; the oc-
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currence of fever also points to a myelitis. True myelitis usually

occurs after infectious diseases or after poisoning; hsematomyelia

follows a traumatism. Improvement after a hemorrhage is more
rapid and extends further than in myelitis.

Extensive softening of the cord due to the presence of a thrombus

may, under certain circumstances, occur as rapidly as in the case of

actual hemorrhage. As a rule, however, slight premonitory signs

are present in this case, and there is no history of traumatism as an

etiological factor; the thrombosis is commonly due to a syphilitic

disease of the blood-vessels.

Poliomyelitis in the adult is usually initiated by a violent febrile

movement, and its symptoms soon point to a number of foci of disease

;

as a rule some infectious disease has produced it. Cases of haemato-

myelia the previous history of which is unknown and which have run

their course may be mistaken for the remains of an infantile spinal

paralysis, when atrophic paralysis alone, without any sensory disturb-

ance, is present.

As we have already seen, the picture of a hsematomyelia which

has run its course may very closely simulate a syringomyelia. The

distinction between the two is rendered even more difficult by the

fact that traumatism plays an important role in the etiology of

syringomyelia, and that a true syringomyelia, according to Minor,

may result from a hemorrhage in the spinal cord. The progressive

course of syringomyelia is of diagnostic value.

If the symptom complex consists only in a partial, hemianses-

thesia, it would be necessary to differentiate a hsematomyelia from

hysteria. Here a history of paraplegia accompanied by bladder dis-

turbance, and possibly decubitus in the early course of the disease,

would decide in favor of hsematomyelia.

Prognosis.

The prognosis of hsematomyelia was considered bad in former

times when cases of foudroyant myelitis and of progressive or relaps-

ing thrombotic softening were not sharply differentiated from it. It

was thought then that death was the usual result of a hemorrhage in

the spinal cord. At the present time, the prognosis quoad vitam is

quite favorable ; when death occurs it is either during the very first

stage, with terrible suddenness, or else during the first few weeks from

grave complications. A fatal termination is naturally most frequent

in cases of severe hemorrhages involving the entire thickness of the

spinal cord, and also when the seat of the hemorrhage is in the cer-

vical or lumbar portion of the cord.
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After the first few weeks have been safely passed death rarely

occurs, but neither does perfect recovery ; the cure is always only a

partial one and more or less marked permanent symptoms remain.

In estimating the degree of improvement which will probably take

place, we have to rely in great part upon the results of electrical

examination; those muscles which show a complete reaction of de-

generation will never recover, those showing simply a quantitative

lowering of irritability are probably only indirectly injured and may
recover. The patient's capability of earning a livelihood is of course

dependent on the extent and the seat of the permanent lesion. If

Minor is right, that a hsematomyelia msij pass into a syringomyelia,

the prognosis will of course be more serious.

Treatment.

The first therapeutic indication after the occurrence of a hemor-

rhage of the spinal cord is rest, which should be as complete as pos-

sible and long continued. The patient is to be placed carefully in

bed. The position on the abdomen is, if possible, to be taken, in

order to avoid the occurrence of bedsores, and for the reason that an

ice-bag may then be placed over the spinal column. The abstraction

of blood by leeches is also to be recommended. All movement is to be

prohibited for a long time. Straining at stool, sneezing, and coughing

are to be avoided, if possible. With this avoidance of injurious things

our therapeutic resources are really exhausted. Nature itself will

take care of the improvement, as far as may be possible. During
convalescence some benefit may be derived from a course of baths at

one of the thermal-saline springs, such 'as Wildbad, Teplitz, or Nau-
heim. The application of electricity to the partially atrophied

muscles may also be useful.

INFLAMMATION OF THE SPINAL MENINGES.

Pachymeningitis Cervicalis Hypertrophica.

By pachymeningitis is meant, anatomically, inflammation of the

dura mater. Pachymeningitis cervicalis hypertrophica is an especial

form, which, as the name implies, is found only in the cervical por-

tion of the spinal cord.

Pathological Anatomy.

The disease consists in an inflammatory proliferation of the dura,

leading to a thickening, an hypertrophy, of the latter. The prolifer-

ation takes the form of a slow deposition of fibrous tissue in concen-
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trie layers, which may increase the dura to tenfold its normal thick-

ness. This new formation compresses the sfjinal cord and the nerve

roots which enter and leave it, and may even finally involve the whole

thickness of the cord in atrophy and sclerosis. The thickening is

greatest upon the posterior surface, and here adhesions with the ex-

tradural posterior vertebral ligament usually become established.

The etiology of the disease is quite unknown. Here, too, expo-

sure to cold, overexertion, traumata, and various other things are al-

leged to be causative, without it being possible to prove the connec-

tion. Perhaps in some cases syphilis may be an etiological factor;

and in others, chronic alcoholism.

Symptoms.

The clinical phenomena are divided into three stages.

The first, also called the neuralgic stage, is due to the increasing

compression of the posterior roots, and is therefore distinguished by

disturbances of sensibility. Violent pains are excited in the neck, in

the occiput, and in the arms, and in these parts there are also subjec-

tive parsesthesise and sensations of numbness. Sensations of constric-

tion may also occur in the upper part of the thorax. There is already

stiffness of the neck ; turning the head causes pain, and is therefore

avoided. The cervical vertebrae are abnormally sensitive to pressure

and percussion. In the arms the pains are localized by preference in

the course of the ulnar and median nerves. They often possess a

neuralgic character, occur without external cause in isolated attacks,

and are very violent. Trophic changes sometimes appear in the skin

in the form of roughness, exfoliation, or herpetic eruptions.

In this first stage of the disease, corresponding with the prepon-

derant development of the process upon the posterior surface of the

cord, the motor paths are not at all or but little affected. The only

evidences that they are implicated are slight diminution in muscular

power and irritative phenomena, such as twitching of the arms,

trembling of the hands, and slight muscular tension in the upper

extremities. The duration of the first stage is from two to six

months.

The second stage corresponds with the extension of the pathologi-

cal process to the anterior roots, and is marked by the appearance of

paralysis and atrophy. These also are most pronounced in the re-

gions supplied by the ulnar and median nerves, while that supplied

by the radial escapes generally for a long time or even altogether.

There develops a degenerative atrophy of the muscles innervated by

the former nerves, i.e., of all muscles of the hand, as well as of the
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flexors in the forearm. Since the extensors of the hand preponderate

on account of the still normal radial nerve, a position of the hand is

caused which is quite typical of pachymeningitis cervicalis hyper-

trophica. It is overextended at the wrist, the first phalanges are ex-

tended, the second and third are bent—a position which suggests the

hand of the preacher—and therefore is, in fact, called the "preacher's

hand." Electrically the atrophied muscles manifest the phenomena
of the reaction of degeneration. The sensory as well as the motor

fibres of the ulnar and median nerves are affected. Besides the par-

testhesise which are already present and which increase in intensity in

the second stage, anaesthesia also develops, so that the hand is almost

deprived of sensation, and the patients are no longer able to seize

small objects with the fingers, and become very helpless.

In addition to the local affection of the ulnar and median nerves,

the movement of the whole arm becomes impeded ; it can be raised

with difficulty at the shoulder-joint, and the movements of the

elbow-joint are stiff and clumsj^ Occasionally there may even de-

veloi^ a complete paralysis of one or both arms.

The third stage begins with the involvement of the nerve fibres of

the lower extremity. This produces a motor weakness of the legs

with more or less pronounced spastic phenomena, but without atro-

phy, because the cells of the anterior cornua of the lumbar cord—in-

jury of which is the sole cause of atrophy of the leg muscles—are of

course unaffected. But the compression of the cervical cord may
lead to anaesthesia of the lower extremities, to vesical affections,

and to decubitus.

The intense pains which characterize the first stage generallj^ dis-

appear almost completely in the second and third stages, the disturb-

ances of motility becoming the most prominent features of the dis-

ease.

The duration of the disease is always several years. Cures have

been rei)orted, but in such cases the correctness of the diagnosis must

be regarded with some doubt, for in general the disease must be con-

sidered incurable. Death occurs from intercurrent disease or from

the decubitus or the affections of the bladder, with their dangerous

secpielse.

Diagnosis.

The diagnosis of pachymeningitis cervicalis hypertrophica is not

easy. It is fre(iuently confounded with other diseases, and gener-

ally the diagnosis long remains doubtful, certainty being reached only

by observing the course of tlie disease.

Since the first stage is characterized only by pains, it can be easily
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understood why it is generally diagnosticated as simple neuralgia of

the occipital or of the ulnar and median nerves. The distinction

from an idiopathic neuralgia is made possible only by the subse-

quent appearance of atrophy and of disturbances of motility which
reveal the nature of the disease. The well-marked second stage may
be confounded with several diseases.

Spondylitis cervicalis, as well as all tumors of the cervical portion

of the spinal cord, especially syphilitic meningitis, may also be char-

acterized by irritative phenomena in the arms, with consecutive mus-
cular atrophy and paralyses. Spondylitis can be demonstrated by
the sensitiveness to pressure of one of the cervical vertebrae, which is

always present at a very early period, as well as bj^ the appearance

of tuberculosis in other organs. Ultimately also a deformity

will manifest itself in the cervical spine, which is never the

case in pachymeningitis cervicalis hypertrophica. But the dis-

tinction from other meningeal affections, as well as from tumors

of the cervical spine, is very difficult, and often, indeed, quite im-

l)ossible.

Progressive spinal muscular atroi)hy and amyotrophic lateral

sclerosis can always be excluded with certainty, on account *of the

complete absence of disturbances of sensibility which is characteristic

of both diseases, although the localization of the motor affections is

very suggestive of pachymeningitis cervicalis hypertrophica. If there

still remain doubts, the extension of spinal progressive muscular

atrophy as well as of amyotrophic lateral sclerosis to the medulla ob-

longata with the production of bulbar symptoms will be decisive,

since the latter, of course, never appear in pachymeningitis cervicalis

hypertrophica.

It is often very difficult to exclude syringomyelia. It also begins

generally in the cervical cord, and causes sensory irritative phenom-
ena with atrophy of the hand muscles. Decisive for the diagnosis of

syringomyelia are the typical partial paralyses of sensation. More-

over, the trophic affections which are the rule in syringomyelia, are

exceptional in pachymeningitis cervicalis hyj)ertrophica, while, on

the other hand, in the latter the pains are, at first at least, by far the

most conspicuous feature. Finally, the whole course of the disease

in pachymeningitis cervicalis hypertrophica is much more rapid than

in syringomyelia.

Multiple neuritis may also produce pains with atrophies, but the

pains remain limited to the ulnar and median nerves ; the stiffness of

the neck and involvement of the occipitalis major and other nerves of

the neck are wanting. In neuritis, too, the nerve trunks are sensitive

to pressure or present thickenings; and finally, in multiple neuritis,
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tlie cause, chiefly' - infection or intoxication (lead, alcohol, arsenic,

etc.), can generally be made out.

If in the first stage the sensation of constriction of the thorax al-

ready described is verj^ prominent, and one is forced to think of the

possibility of an incipient tabes dorsalis. This can be decided only

by the absence of the pupillary and patellar reflexes.

Treatment.

There is no effectual treatment for pachymeningitis cervicalis hy-

pertrophica. A course of inunctions may be prescribed as an experi-

ment. If these are not beneficial, we must confine ourselves to palli-

ative measures.

Acute Leptomeningitis.

Acute inflammation of the soft meninges of the spinal cord gen-

erally involves at the same time the arachnoid and the pia, in rare

cases the inner surface of the dura is also attacked, in equally rare

instances the pia is hardly involved in the inflammation.

We shall not here consider tuberculous spinal leptomeningitis, for

it is probably never met with in the absence of a similar disease of

the cerebral meninges, and the symptoms of the latter will then pre-

dominate. Epidemic cerebrospinal meningitis will likewise be de-

scribed elsewhere. We shall consider here only inflammation of the

spinal arachnopia, which is usually purulent though sometimes se-

rous in character.

Etiology.

The causes of acute purulent spinal meningitis are numerous.

They are probably most clearly observed in those cases in which

purulent inflammation of the meninges accompanies inflammatory or

suppurative processes in the neighborhood of the spinal column or at

more distant points. To these cases belongs the purulent meningitis

following a traumatism of the spinal column and of the spinal cord.

Here the infection may take place through an injury of the outer skin

as well as through the thoracic and abdominal cavity, if an injury of

the pleura or of tlie peritoneum and intestines has perhaps taken

place. A purulent meningitis may of course also follow an operative

procedure, and it was formerly frequently the result of operations in

spina bifida. Furthermore, a bedsore may perforate the spinal col-

umn and be the direct cause of an inflammation of the meninges;

it is also said that pleural and mediastinal suppurations have
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extended to the arachnopia of the spinal cord in individual cases.

As a rule an extensive purulent meningitis of the brain, especially-

one at the base of the brain, whether it be of a traumatic or otitic

source, gives rise by extension to a spinal leptomeningitis. Of
disease processes lying at some distance and acting by metastasis,

purulent and septic inflammation is especially active. Thus a puru-

lent cystitis may occasion a meningitis, this occurrence being most
frequently observed in gonorrhoeal cystitis or pyelitis. It is not

necessary in these cases that a true gonorrhoeal meningitis be present,

but the inflammation of the meninges of the spinal cord may be pro-

duced by secondary carriers of infection, simple pus cocci. Not very

infrequently the purulent meningitis in these cases is connected with

an abscess of the spinal cord ; indeed, there is but one case on record

of abscess of the cord unaccompanied by purulent meningitis.

A peculiarly roundabout mode of origin is sometimes seen when
purulent cystitis follows a severe traumatism of the spinal cord, and
this cystitis in turn gives rise to a purulent meningitis by metastasis.

More frequently even than a cystitis, cases of purulent bronchitis and
abscess of the lungs have led to a metastatic purulent meningitis.

Suppuration of other organs also may act in the same way. The
acute infectious diseases are more rarely the cause of uncomplicated

purulent meningitis, although the affection not very infrequently fol-

lows a pneumonia.

Of the surgical infectious diseases carbuncle of the back or of the

nape of the neck leads with particular frequency to purulent men-
ingitis; the latter has also been observed accompanying erysipelas.

Finally it is not very infrequently a sequel to puerperal sepsis.

The so-called epidemic cerebrospinal meningitis occurs not infre-

quently sporadically, and may under certain circumstances confine

itself to the spinal cord; it frequently accompanies pneumonia.

According to Gowers an acute articular rheumatism may occasionally

also lead to disease of the meninges of the spinal cord. Catching

cold has been regarded as an etiological factor, and it is certain that

spinal meningitis is sometimes observed as a direct sequence of a

great cooling of the surface of the body, such as results from sleep-

ing in the open air, or from a fall into the water.

Pathological Anatomy.

The extent of the inflammation in relation to the longitudinal axis

of the spinal cord may be yerj variable. In cases of sporadic infec-

tious inflammation, it is usually diffused over the whole cord. In

cases of injury to the bones, or of abscess of the spinal cord, it may
Vol. XI.—43
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be at first circumscribed, correspondiug to the abscess or the injury,

but later it always becomes diffused.

We may distinguish three stages of the disease, in an anatomical

sense: (1) That of inflammatory hyperemia; (2) that of the purulent

inflammation proper; (3) that of disappearance.

The first stage is i)robably more or less artificial, as we rarely

see it post mortem. The arachnoid, the pia, and even the inner sur-

face of the dura are hj^perssmic and not infrequently ecchymotic, the

vessels are tensely filled, the cerebrospinal fluid is cloudy but not

purulent, and as a rule hypersemia of the cord will also be found.

The second stage is that which is most frequently met with at the

autopsy. In this, the interstices of the arachnoid are usually filled

with a thick, yellow, sometimes grayish pus ; in rare cases there is

only a cloudy fluid present, but in all cases the exudate is found

microscopically to contain pus corpuscles. In severe cases the pia

and the inner layers of the dura are also found to be filled with pus

corpuscles; in light cases both may remain free of these. The blood-

vessels are tensely filled, and their walls are studded with red and

white blood corpuscles. It is remarkable how often the roots of the

spinal nerves, which frequently lie in the midst of a collection of pus,

and which, if we may judge from the symptoms, are certainly affected,

appear to be anatomically intact. This is in accord with what we
have learned in a previous section concerning the great resisting

power of the nerve roots. In severe cases, however, the roots are

affected; they become swollen and their nerve substance is disin-

tegrated. The cord is involved in all cases of inflammation of the

I)ia. We may find small irregularly distributed inflammatory foci,

small abscesses, and also a form of marginal myelitis which estab-

lishes itself in the area of distribution of the marginal vessels which

enter the spinal cord in its whole periphery ; this latter may, under

certain circumstances, give the impression of a combined system

disease. If the pia remains intact, the cord may also remain per-

fectly^ healthy. The cerebrospinal fluid is increased and becomes
turbid, containing flocculi of pus, but it is rarely macroscojjically dis-

tinctly purulent. It, as well as the pus itself, contains micro-organ-

isms which may vary according to the etiological factors ; usually they

are the common pus cocci ; but in cases of epidemic cerebrospinal

meningitis the pneumococcus has also been found.

In most cases death takes place in this second stage. If the

duration of the disease is longer, or if recovery ensues, the inflam-

matory deposits may gradually become absorbed. A diffuse cloudi-

ness and thickening of the meninges then usually remains; frequently

adhesions are also formed among these, extending a longer or shorter
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distance, and we may for a long time afterwards find remains of the

inflammatory deposits. In other cases a local collection of fluid may
take place at the level of the adhesions ; this is called hydrorrhachis.

It is i^ossible also, though probably this is rare, that the calcareous

plaques so frequently present in the arachnopia of the spinal cord

have some connection with former inflammation. If the spinal cord

has been markedly involved, permanent traces will undoubtedly be

left behind in the shape of circumscribed or diffuse cicatrices, accom-

panied later by ascending and descending degeneration. Slight affec-

tions of the nerve roots wiU probably gradually disappear.

Symptoms.

We shall discuss here only those symptoms which are caused by a

disease of the spinal meninges. These symptoms will be met with in

the clinic only in those undoubtedly very rare cases in which the in-

flammation does not attack the cerebral meninges at all. When these

are also involved, the cerebral symptoms usually predominate. We
meet as a general rule with headache, delirium, or somnolence, and

with affections of the cerebral nerves ; when the cerebrum is involved,

with convulsions and spasms ; when the cerebellum is involved, with

vomiting and disturbance of the heart and respiratory functions. The
disease may occur at any age and in either sex. From the import-

ance of the traumatic causes the male sex preponderates ; the epidemic

form quite frequently attacks children.

In the discussion of the symptoms of spinal leptomeningitis

proper, we had better proceed from a case of this disease in its

height, namely, in the second stage, that of formation of pus in the

meninges. The symptoms present at this time, leaving aside the

fever which is probably always present and the marked constitutional

disturbance, may be divided into the symptoms caused by the disease

of the meninges themselves, by that of the spinal roots, and by that

of the cord. The first consist in the most violent backache, which

becomes unbearable with every movement, even the slightest. The
seat of this pain is, according to the extent of the disease, in the

whole back or limited to certain points. As a rule the spinous proc-

esses are also tender to firm pressure over the site of the inflammation.

The symptoms depending on an affection of the roots may be di-

vided into symptoms of irritation and those of paralysis. The first

are much more constant, and for this reason of more practical impor-

tance than the latter, which in a great many cases are not present at

all, and in others may come on very late. A lesion of the posterior

roots is manifested by tearing pains radiating into the limbs, by



676 BRUNS AND WINDSCHEID—DISEASES OF THE SPINAL CORD.

girdle pains, or by marked byperfesthesia of the skin, limited to the

area of distribution of the injured nerve root. As a rule the muscles

are also quite painful to isressure, and active as well as passive move-

ments increase these pains. The motor symptoms of irritation con-

sist mostly in more or less extensive muscular contractions. These are

the cause of the very characteristic rigidity of the neck, which occa-

sionally is so marked that the occiput lies in close contact with the

nape. Total opisthotonos may also occur in extensive meningitis. It

is not altogether impossible that these forms of contraction are in

part voluntary, though unknowingly so, being due to an effort to fix

the spinal column as much as possible and to avoid its every movement.

Other contractions of this kind are undoubtedly not dependent on

the will, and are either i)urely reflex, that is, they are dependent on

an irritation of the sensory roots, or are perhaps due directly to an

irritation of the anterior roots. To these belong the contraction of

the abdominal muscles, which produce the well-known boat-shaped

retraction of the abdomen, and also contractions of the arms and legs.

The very painful recurring spasms of the upper extremities, which are

seen especially in cases of circumscribed meningitis, are undoubtedl}^

due to a direct irritation of the anterior roots. A rhythmical and

rapid tremor is also seen, especiallj^ in the upper extremities. The
so-called Kernig's symptom should also be classed among the muscular

contractions ; it consists in an inability of the patient to extend the

knees, the flexors of the legs being too short. Paralytic symptoms
due to the lesion of the nerve roots, namely, atrophy of the muscles

and circumscribed anaesthesia, are of rare occurrence. This is due to

the relativel}^ strong resisting power of the nerve roots, also to the

fact that, although the inflammation may be sufficiently^ intense to

cause these root symptoms, it is nevertheless not so pronounced as to

destroy all the fibres of these roots. Marked anajsthesia and paraly-

sis should therefore always make us suspicious of an extensive

involvement of the cord. More frequent on the other hand are

trophic disturbances, especially of the skin. Thus herpes zoster is

sometimes seen; in other cases large bullae occur from slight causes,

as, for example, when one lower extremity has been x)ressiug, even for

a short time only, against the other ; these bulhie look as if caused bj'^

a burn (taches spinales). Symptoms of vasomotor disturbances may
also be present ; thus a slight touch or the prick of a needle may
cause the skin to puff up in higli wheals with a red zone.

The participation of the cord itself may be shown in various ways,

such as disturbances of the bladder or rectum or an exaggeration of

the tendon reflexes, going on even' to distinct clonus of the patellar

and Achilles tendons ; the skin reflexes also are usually increased ; and



ACUTE LEPTOMENINGITIS. 677

finally there will be extensive anaesthesia and paralysis, as in myelitis

and injuries of the spinal cord. This paralysis is usually at first spas-

tic in character, but in very severe cases it may be of the flaccid form
and be accompanied by loss of the tendon reflex. In these cases we
are usually unable to say with certainty which of the sj-mptoms are

due to the root lesion and which to the spinal-cord lesion. At this

time decubitus may also make its appearance. Of course, the distri-

bution of all these symptoms varies according to the seat and extent of

the meningitis. As the latter is usually diffused so are also the

symptoms
;
pain and contractures make their appearance now here,

now there, and the entire spinal column is more or less rigid. In

cases of circumscribed inflammation, when the seat of the lesion is in

the cervical or upper dorsal region, the pain will be most marked in

the arms, contraction of the pupils and narrowing of the palpebral

fissures may appear, and as a rule obstruction to the respiration is

quite marked. When the seat is in the dorsal region, the symptoms
are confined chiefly to the trunk, and when it is in the lumbar region

the legs are principally affected.

COTJESE.

The course of the disease is usually acute, sometimes it is hyper-

acute. It is probable nearly always initiated by a chill, which is in

most cases followed by a continued high fever of a remittent char-

acter. All the symptoms rapidly attain a high degree, a marked
stiffness of the muscles of the neck in particular is frequently present

by the end of twenty-four hours. Death may take place within a few

days, but as a rule, the encephalon is involved in these cases and
the fatal termination results from paralysis of the heart or from

asphyxia. In other cases the disease drags on for a few months, and
the grave symptoms of cord involvement make their appearance

gradually. In the epidemic form the disease may take a different

course. Here the fever may cease after a few weeks, the pain and
contractures disappear, the appetite returns, and the patient improves

;

thus, after weeks of apparent convalescence an acute relapse may oc-

cur ; this may again be followed by improvement, and the patient may
finally die from exhaustion after these alternations of relapse and im-

provement have continued for many months. Recovery is[nevertheless

possible and not infrequent in this form of the disease. Frequently

of course the termination is in partial recovery only. If grave lesions

of the nerve roots or of the cord have occurred, circumscribed paraly-

sis and anaesthesia, or perhaps a spastic paresis with slight disturb-

ances of the function of the bladder, are certain to remain. A per-

manent rigidity of the muscles of the back may also persist.
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Diagnosis.

The diagnosis is not difficult, if tlie characteristic symptoms of

the disease are distinctly marked. These are fever, pain in the back,

and opisthotonos, pain and hyperesthesia of the skin, muscular

pains and spasms, and possibly a spastic paresis and disturbance of

the bladder function. The diagnosis is rendered still more certain if

symptoms of irritation precede those of paralysis, if distinct symp-
toms of disease of the cerebral meninges are associated with those of

spinal leptomeningitis, and especially if certain recognized etiological

factors, such as traumatism, purulent processes in other organs, or

infectious diseases, are present.

The differential diagnosis from hsematorrhachis may be more
difficult. The symptoms are the same in both diseases, but those of

hfematorrhachis must follow immediately after the traumatism, while

there would always be an interval of a few days before the appearance

of an infectious meningitis. The fever will be absent in simple hem-
orrhage.

The distinction of a meningitis from a myelitis will, of course, be

difficult in those cases in which the spinal cord is materially involved

in the inflammation, and it may even be impossible under such cir-

cumstances. Very severe pain, especially pain and stiffness of the

back, will always indicate an involvement of the meninges, and we
may take for granted that we have primarily to deal with a menin-

gitis when all these meningeal symi^toms at first existed alone, and

paralysis, indicating a lesion of the spinal cord, followed later.

Formerly the differentiation of spinal meningitis from tetanus was
often difficult. The possibility of a diagnosis lies here in a knowledge

of the etiological factors. In both diseases opisthotonos and tonic

spasms are noticeable; in tetanus, however, the fever is nearly always

absent, especiallj^ the initial fever, radiating parresthesias and hyper-

sesthesia of the skin are not present, and the pains of tetanus are

produced only by the continued muscular tension: tetanus nearly

always begins with trismus, whicli may be present also in cerebral

meningitis, but usually appears at a later period ; in tetanus symp-
toms due to the cerebrum, especially delirium, coma, and convulsions,

are absent; on the other hand, a marked difficulty of deglutition and
dyspnoea make their appearance in tetanus earlier and are more
severe. The reflex irritability is increased in tetanus to a degree

that is probably never seen in meningitis ; even moving towards the

patient's bed or slight stroking of the hand over the skin is sufficient

to bring on the most violent tonic spasms.

Certain hysterical manifestations may for a time arouse a sus-
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picion of the presence of meningitis ; we may find headache, vomit-
ing, rigidity of the muscles of the neck, or even convulsions, or a slow
pulse and seeming stupor. In such cases only a very careful exam-
ination will preserve us from error, by showing us that the stupor is

only apparent, that the symptoms may be influenced psychically,

that sleep is undisturbed, etc.

Of especial importance is the distinction of a purulent meningitis

from a tuberculous one. Purulent meningitis usually comes on in a

turbulent manner, the first day being marked by a stiffness of the

neck, to a degree which is hardly ever found in tuberculous menin-

gitis; the fever is also higher. In one of the writer's cases the diag-

nosis was determined by puncture of the spinal meninges, which
yielded a turbid fluid containing small pus corpuscles and a great

number of cocci. In tuberculous meningitis the fluid from the punc-

ture is nearly always clear and may contain tubercle bacilli.

Prognosis.

The prognosis of acute purulent leptomeningitis is always grave.

As a rule death is the inevitable result after a longer or shorter

period. In individual cases the prognosis depends less on the extent

of the meningitis (since this disease always shows a tendency to

become diffuse) than on the etiological factors. If spinal meningitis

is due to an injury, to a suppuration in the neighborhood of the spinal

column, or to a metastasis from an abscess lying at some distance,

the result cannot be other than fatal. Meningitis occurring as a

sequel to an acute infectious disease (typhoid fever or rheumatism) is

usually of very bad prognosis. The prognosis is materially better in

those cases of autochthonous purulent spinal meningitis, if we may
call it so, which occur sporadically, but resemble in their symptoms
epidemic cerebrospinal meningitis. Here we meet with a whole
series of cases ending in perfect recovery, or another in which only a

partial cure results. The prognosis becomes more favorable after the

first few days of the affection have passed, and it is more favorable

still after the fever and pain have subsided and convalescence has

begun. Even then, however, we must be very guarded in our prog-

nosis, remembering the frequent relapses which may cause death

directly or indirectly by asthenia or other complications. Thus in a

case occurring in a child in the writer's practice, a jjurulent inflam-

mation of the meninges of the brain and spinal cord had been cured,

but a tuberculosis of the lungs soon appeared and ran a rapid course,

and to it the little patient succumbed. The prognosis is also ren-

dered uncertain by the possibility that permanent paralysis, muscular
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atrophy, or other sequel may remain. This is indeed always to be

expected, if the spinal cord has been involved to any great extent.

Treatment.

We can do little more in these cases than to sustain the strength

of the patient by careful nursing, and to try as much as possible to

assist him in his battle with the disease. Rest in bed in a cool, airy,

darkened room is always necessary. The bed should be smooth, and

the patient should, if possible, be laid on a water cushion. It is

theoretically to be recommended that he lie on the side or better still

on the abdomen, but practically it will be possible to retain the pa-

tient in this position for a short time only. The food should be

strengthening, but not stimulating; cooling drinks, such as lemon-

ade or soda water, are indicated, but alcohol is permissible only

when there is danger of collapse. In severe cerebrospinal menin-

gitis, especially in children, feeding must sometimes be carried on

by the stomach tube. Of importance is also the minute care of the

skin, above all scrupulous cleanliness.

Antiphlogistic and derivative remedies are said to be of direct

therapeutic value. It is well not to expect too much from these, and

not to make use of them too energetically. We may locally employ

venesection or wet-cupping, or make ice applications to the spinal

column. Inunction with blue ointment, 1.0-4.0 (gr. xv.- 3 i.) a day,

has been recommended, as also the internal exhibition of calomel.

Hydrotherapeutic measures would seem to promise good results;

they are easy of application, especially the moist pack, but hot baths

are hardly to be recommended on account of the difficulty experienced

in moving the patient. For the relief of violent pain morphine should

be freely used with proper precautions. Of hypnotics chloral hy-

drate still retains its place.

Chronic Leptomeningitis.

If we except pachymeningitis cervicalis hypertrophica, pachy-

meningitis interna heemorrhagica, and syphilitic spinal meningitis,

primary chronic inflammation of the meninges of the spinal cord is

undoubtedly a very rare disease, even admitting the fact of its exis-

tence. In the first two of the above-mentioned varieties of spinal

meningitis the names themselves denote that the inflammation is one

principally of the dura; and in syphilitic meningitis both the dura

and pia are usually afi'ected at the same time. The existence, how-
ever, of a primary, simple clirouic inflammation of the arachnopia is
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very doubtful. We frequently meet with such as a secondary disease

in tabes dorsalis and progressive paralysis, in myelitis, and in

tumors. It is, however, of no more clinical importance here, al-

though probably it does not occur without symptoms, than it is in

senility and in chronic alcoholism, in which the exudate on the mem-
branes is looked upon as due to a chronic inflammation, of which

there is nevertheless no clinical evidence. It was formerly believed

that a chronic meningitis not infrequently followed an acute one, but in

fact the result of acute spinal meningitis is either a perfect recover}^

or an acute relapse after a longer or shorter period of improvement.

At all events, chronic leptomeningitis was formerly greatly over-

rated as to its frequency, and the diagnosis was often incorrect. Thus
Gowers mentions that the symptom complex, which is now regarded

as that of spastic spinal jjaralysis, was formerly nearly always looked

upon as a chronic meningitis. The same thing has undoubtedly

taken place in hysteria, and also in neurasthenia, and especially in

those cases which were formerly called spinal irritation, and which

are manifested by the presence of acute pain on pressure over the

vertebral spines and violent backache. Both the latter are also main
symptoms of neuroses occurring after railroad accidents and other

traumatisms, which at all events are related to hysteria and neuras-

thenia, and which formerly were nearly always supposed to be due to

a chronic meningitis. Many cases of chronic neuritis were also

probably looked upon formerly as cases of meningitis, and the same
is true of many cases of myelitis, in which the meninges may be in-

volved, and which may then present quite marked symptoms of irri-

tation in the sensory region, especially pain and rigidity of the spine.

The existence of this disease being then so very doubtful, we
must regard the symptoms that are given in the text-books as purely

imaginary. If the disease were present it would, no doubt, be mani-

fested by backache and rigidity of the spine, radiating pains, less

intense than in acute inflammation, spastic paresis of the lower ex-

tremities, and possibly circumscribed muscular paralysis and atro-

phy. The spinal column in its entire extent, or at individual points,

would be painful to pressure. Anatomically the findings would cor-

respond with those of the convalescent stage of acute meningitis,

that is to say, cloudiness, swelling, and thickening of the pia, swell-

ing and finally shrinkage of the nerve roots, marginal sclerosis, etc.

We should beware above all of mistaking it for any of the func-

tional diseases above mentioned. It is important to remember that

the pain in hysterical rachialgia is usually more marked when the

skin over the spinal column is lightly touched than when actual pres-

sure is made on the spinous processes.
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For the treatment of tliis liypothetical affection a course at one of

the man}' thermal springs has been recommended, followed perhaps

by a mild cold-water cure; internally, we may give iodide of potas-

sium. In the event of recovery under this treatment the probability

will be that we had to do with a case of neurasthenia or hysteria, and

not one of chronic spinal leptomeningitis.

POLIOMYELITIS ANTERIOR.

Poliomyelitis Anterior Acuta Infantum.

Sy.wnyms.—Infantile spinal paralysis, myelitis of the anterior

horns, acute anterior tephromyelitis, essential or atrophic paralysis

of childhood.

Definition.

The affection begins suddenly, accompanied by violent febrile

movement, also frequently with marked cerebral symptoms, espe-

cially convulsions ; at other times it may occur jvithout any constitu-

tional symptoms whatever. There is a rapid appearance of paralysis,

usually extensive in the beginning, sometimes involving the whole

muscular tissue of the trunk and extremities, and even more frequent-

ly under a paraplegic form involving both legs, with loss of reflexes.

There is, however, no disturbance of sensation. The sphincters are

not often implicated and trophic disturbances of the skin, espe-

cially decubitus, are not encountered. The general symptoms are of

short duration. The paralysis always shows its greatest extent at

the beginning, and is never progressive after the first few days.

Recovery takes place in such a manner that power is gradually

restored in one muscle after the other and even in entire extremities,

and finally the paralysis is confined to one limb, to large groups of

muscles, or to single muscles; a perfect recovery, however, is met

with only in rare cases. The muscles which remain permanently

paralyzed become greatly atrophied, the muscles and their nerves at

first showing a complete reaction of degeneration, and later an
absence of all electrical irritability. The paralyzed portions of the

limbs also show slight vasomotor disturbances of the skin. The
growth of the Ijones also does not proceed in a normal manner. As
a result of the muscular paralysis, of impediment in the use of the

limbs, and of the retardation of osseous development, deformities

will arise later, especially in the lower extremities and the spinal

column (clubfoot, scoliosis, kyphosis, etc.). In other respects tlie
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general health, as well as the bodily and mental development, remains

permanently good. The disease is confined chiefly to early child-

hood, between the ages of one and four years ; after this it is com-

paratively rare.

Anatomically we have to deal with an acute inflammatory process,

which confines itself in a great measure, though not altogether

sharply, to the gray matter of the anterior horns, leading to the de-

struction of their ganglionic cells and medullary plexuses with resul-

tant changes in the spinal roots, nerves, and muscles. The inflamma-

tion, from the standpoint of the pathologist, is an interstitial one; it

arises from the blood-vessels and involves pretty acutely the area of

the artery of the anterior medullary groove. We are therefore deal-

ing with a myelitis of the gray matter of the anterior horns, localized

mainly in the lumbar and cervical enlargements.

History.

As the clinical picture of infantile spinal paralysis is such a

sharj)ly defined one, it seems almost certain that it must have early

attracted the attention of good observers as an independent affection.

We find in fact, in the literature of the eighteenth century, re-

ports of individual cases which belong here. J. v. Heine of Cann-

stadt, is, however, regarded by general consent, and with perfect

justice, as the first to have established the existence of infantile polio-

myelitis anterior. In a work published in 1840 (a second edition of

the same appearing in 1860) , v. Heine made a rejjort of this affection

with especial reference to the deformities which accompany it. This

monograph is clinically, even to this day, an exhaustive treatise.

Further clinical advance then followed very rapidly. Notable con-

tributions were made in 1851 by Rilliet of Geneva, who gave to the

disease the name of essential paralysis of childhood. Ducheune

of Boulogne wrote most exhaustively on the functional disturb-

ances and deformities induced by paralysis of the individual muscles,

and was the first to call attention to the absence of reaction to the

faradic current in the paralyzed muscles. This fact was further

developed by Erb, who proved by experiments with the galvanic cur-

rent that we have to deal with a complete reaction of degeneration

in infantile spinal paralj^sis, just as we have in injury to the pe-

ripheral nerves. To Seeligmiiller belongs the special credit of hav-

ing given a full explanation of the origin of the contractures and de-

formities in this disease.

Of a much later date than our clinical knowledge of infantile spinal

paralysis is that of the anatomical basis of this disease. It is true
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that V. Heine had already in 1840, and with greater emphasis in 1860,

in speaking of infantile spinal paralysis, insisted upon the origin of

the paralj^sis in the spinal cord, and Duchenne of Boulogne also

taught it, but neither of them was able to base his opinion on ana-

tomical findings.

This became possible in a satisfactory manner only with the

perfection of histological technique, and then it was found that the

seat of the lesion was in the gray anterior horns of the spinal cord.

At first examinations were made for the most part only in very old

cases, and for a long time the case of Roger and Damaschino remained

the only one examined at an early stage. The discovery of the loca-

tion of the lesion was followed by a dispute as to whether the dis-

ease was a parenchymatous, a systematic (Charcot), or an interstitial

(Damaschino, Schultze) affection; and even to-day the question is

still discussed, although most authors incline to the latter view.

Recent times have enlarged our knowledge of the spinal paralysis of

childhood, especially in two directions. A great number of examina-

tions of recent cases of acute poliomyelitis performed with all the

auxiliaries of modern technique, and also a careful study of the blood-

vessels which supply the spinal cord, for which we are indebted to

Kadyi, have furnished us with the positive proof that this disease is

in fact an interstitial myelitis of the gray anterior horns, having its

origin in the blood-vessels ; and its not altogether absolute restric-

tion to the anterior gray substance finds an explanation in the fact

that the most important arterial trunk—the artery of the anterior

fissure—mainly supplies the same territory. A great number of re-

ports of the epidemic appearance of acute poliomyelitis have estab-

lished with considerable certainty the already generally held opinion

that poliomyelitis anterior is an infectious disease.

Etiology.

We are not able to decide whether the occurrence of infantile spinal

I)aralysis in general practice is a frequent or a rare one. In neurologi-

cal and pediatric practice the disease is by no means infreciueutly met
\vitli, and it also forms a large percentage of the material of the or-

thopedic surgeon. Both boys and girls are subject to it with equal

frec^uency. It is most common in early childhood, with the exception

of tlie first year of life. The greater number of cases probably occur

in the second and third year, a lesser number is met with in tlie

fourth year. As we have already mentioned, it is at the present

time admitted that we have to deal with an infection in infantile

spinal paralysis, a fact which had been suspected for a long time.
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In the first place, the frequent beginning of the disease with fever and
gastric and cerebral symptoms was in favor of this theory, for these

symptoms proved at least that the disease was not a local one, but

involved the whole economy. To this was added the fact that the

disease not infrequently made its appearance as a direct complication

of infectious diseases, such as measles, scarlet fever, small-jjox, and
typhoid fever. To be sure we ought to mention that this association

is not of very common occurrence, and that these statements are

mainly transmitted to us from a time when a knowledge of multiple

neuritis was yet wanting ; and in most of the reported cases, although

certainly not in all, the latter was probably the condition present.

The infectious nature of poliomyelitis acuta was, however, made
certain by the first observations of epidemics of this disease, espe-

cially as the diagnosis in a number of the cases was confirmed post

mortem ; and the anatomical examination of recent cases of the affec-

tion hardly allows of any doubt.

Although the agents exciting inflammation have not been found

up to the present time, and the discovery of other histological evi-

dences of a true inflammation in the spinal cord presents great dif-

culties, yet, as we shall see more clearly later, the relation of the

lesion of the anterior horns to the distribution of the vessels and
to disease of the vessels themselves is so specially marked in in-

fantile spinal x^aralysis that these facts alone are sufficient to es-

tablish the inflammatory nature of the disease. But although the

infectious nature of the disease is proven, we are obliged to confess

that we cannot say anything positive as to the nature of these patho-

genic agents, and especially whether we always have to deal with the

same kind of infection; whether, in other words, infantile spinal pa-

ralysis is a specific infectious disease, or whether a number of different

infectious agents are to be considered ; for, as above stated, no specific

infectious agent has as yet been found in the spinal cord in polio-

myelitis anterior acuta. In the epidemic form it seems natural to take

the presence of the same micro-organism for granted in all cases. In

those cases which have been observed after specific infections, either

the exciting agent of the primary disease, or a secondarj^ infection,

or finally a toxin might be the active principle. It is difficult to

come to a positive conclusion in the matter, but after the analogy of

other, and particularly of experimentally induced diseases of the

spinal cord, it is i)robable that a great number of disease germs have

the power to produce a poliomyelitis anterior.

Earlier authors have enumerated a long list of other causes.

Granting that these exist, they can only be considered as incidental or

auxiliary factors. In this sense a cold, some traumatism, or denti-
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tion may be the cause. It has been supposed that violent muscular

exercise might be an etiological factor, and that the disease therefore

was met with especially in children at the time of their learning to

walk. Opposed to this view is the occurrence of the same disease in

the adult. Sinkler has attempted to ascribe an influence to the

seasons, the disease being thought to occur with especial frequency

during the summer.

Hereditary conditions in all probability do not play any role in

the causation of infantile spinal paralysis.

Pathological Anatomy.

The anatomical study of infantile spinal paralysis has been pur-

sued under difficulties, for the reason that, as the disease usually does

not destroy life, recent cases but rarely come under observation. In

by far the greatest number of cases examined the paralysis was of

many years' duration, and consequently the post-mortem findings

were of little service for the recognition of the true nature of the dis-

ease. To-day, however, we are in possession of a sufficient number

of thoroughly studied recent cases, and are able to present an ana-

tomical picture of the whole course of the disease.

On macroscopical examination of a recent case, deep-red coloring

of the area of the gray anterior horns will be observed, sometimes also

a swelling of this region, so that the cord substance will protrude on

cross-section. Generally the process is a very diffuse one, involving

the anterior pillars in their whole length, although especially in the

lumbar or cervical enlargements. The white substance is, however,

rarely affected. In the scrapings of a section are found round cells,

granular cells, myelin, altered ganglia, and blood-vessels. More
minute observations can be made only on hardened and stained

preparations. The process is essentially confined to the anterior

horns. The more minute histological changes are related to the

blood-vessels, the nerve fibres, and the ganglion cells. The first

of these changes are the most important. In the whole diseased

area enormous numbers of engorged blood-vessels are seen, in whose

walls and vicinity red blood corpuscles and leucocytes are present

in great numbers. The small-celled infiltration obviously extends

diffusely from the vessels into the tissues. Usually both the artery

of the anterior fissure, if present in the cross-section, and the central

artery, according to Kadyi, are found to be engorged and surrounded

by exuded round cells. Occasionally, though rarely, we find occlu-

sions of single vessels by thrombi, and larger hemorrhages in their

vicinity.
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The ganglion cells present all stages of degeneration in the dis-

eased area. Dauber has lately described these minutely. The pro-

toi^lasm of the cell becomes turbid, its prolongation is lost, its

nucleus is dissolved, and finally there is left only a shrivelled, shape-

less remnant of the cell. It is noteworthy that the destruction of the

ganglia is so very irregularly distributed that heaps of diseased and
of perfectly normal cells are seen lying side by side, and it is possible

to find individual normal cells in greatly diseased regions. The
destruction of the medullated nerve fibres keeps pace with that of the

ganglia. Their histological conditions do not present any pecu-

liarities. Changes of the glia tissue cannot be discovered on account

of the high degree of infiltration of the diseased area with round

cells>

It is of especial importance that all these changes, although seen

most distinctly in the anterior horns as i)reviously mentioned, are

by no means confined to the latter. This may particularly be said

of the changes in the blood-vessels—which are nearly always found

in the neighboring lateral columns, in the columns of Clarke, in the

roots of the posterior columns, and even in the posterior columns

themselves. Frequently the vessels entering at the periphery are

found diseased. Within the area of these diseased blood-vessels a

degeneration of the nerve substance is naturally met with, and so it

may happen that the picture almost of a diffuse myelitis is presented

in recent cases with great involvement of the blood-vessels.

In the further course of the disease, the processes described re-

trograde more and more. In the parts less severely affected, the

products of inflammation and degeneration are reabsorbed, and the

nervous tissues recuperate. In this manner the disease retreats more
and more to smaller areas, until finally but one or a few circumscribed

definite foci remain. Macroscoijically there is not much to be seen

in these old cases. On cross-section it is sometimes possible, if the

affection is unilateral, to see the contraction of the affected anterior

horn, and sometimes that of the entire side ; and in cases of bilateral

disease a marked diminution of the whole lumbar enlargement is

noted. The real foci of disease, however, are recognized only by
microscopical examination of cross-sections. They have their seat

mainly in the gray anterior horns and affect these in an irregular

manner, either wholly or only in part. Their histological character

is that of a cicatrix, the nerve filaments are nearly totally absent, and

remnants only of the ganglionic cells are left, the glia is augmented,

and spider cells are also found. Usually even here numerous blood-

vessels with thickened walls are found, and we may convince our-

selves from the examination of a series of sections that these vessels as
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a general rule are situated in tlie centre of a disease focus. In these

old cases tlie anterior horns are by no means the only diseased por-

tions. The lesions extend over the border into the white matter, and

attention has been already called to the participation of the lateral

columns in the degeneration. The distribution of the disease in the

different areas of the cord may also be seen in old cases. It is very

irregular, varying in every case. In one case we may find only one

lesion in an anterior horn of the cervical or lumbar cord, in another

a number of them may exist partly in the cervical and partly in the

lumbar cord; or most frequently two foci are found in the lumbar

cord in the right and left anterior horns, but even then not sym-

metrically placed. The cervical and especially the lumbar enlarge-

ments seem to have the preference; smaller foci in the dorsal region,

however, are no doubt overlooked occasionally, especially if they do

not give rise to clinical symptoms. The anterior roots correspond-

ing to the areas of disease are degenerated in both their intra- and

extramedullary portions, and the corresponding nerves and muscles

are also degenerated.

The bones of the paralyzed extremities are atrophied, their proc-

esses and ridges, as well as the points of attachment of muscles, are

little developed, and the true bone substance particularly is atrophied.

From these anatomical changes we conclude that infantile spinal

paralysis may be characterized anatomically as an acute myelitis,

especially of the gray anterior horns.

The pathogenic agent is carried to the diseased area by means of

the blood current ; most likely inflammatory thrombotic or embolic

processes are at the bottom. The inflammation is mainly found in

the area of the so-called central arteries, which arise from the ante-

rior median artery. This explains its confinement essentially to the

anterior horns, for Kadyi has shown that this largest vessel of the

spinal cord contributes primarily to the nutrition of the gray matter

and especially to that of the anterior horns. As, however, no very

sharp boundaries exist, but the branches of the central artery nearly

always extend over the border of the anterior horns and pass into

Clarke's columns and into the lateral columns, an explanation is

offered for the fact that the inflammatory process in acute polio-

myelitis is never sharply confined to the anterior horns but al-

ways encroaches on the surrounding area. The distribution of the

branches of the central artery of the spinal cord does not occur only

or even mainly in an oblique direction, but especially upwards and

downwards from the entrance of each branch into the medulla.

Thus the areas which are finally altogether destroyed liave the form

of cylinders whose extremities gradually become jjointed and whose
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size is reduced with every cross-section. The length of a single lesion

is about 1.5 to 2 cm. Finally, the inflammation does not always by
any means confine itself to the area of the central artery, but as a

general rule a few other arteries, which are shorter and enter the cord

from the meninges, are involved; these may also in part penetrate

the gray matter.

We thus see that the old contention between the upholders of the

parenchymatous and those of the interstitial nature of poliomyeli-

tis is decided in favor of the latter. The parenchymatous nature

of the process received especial support from the great author-

ity of Charcot, and this view was for a long time upheld, because

according to it poliomyelitis would depend upon a constitutional

disease, and the doctrine of a constitutional disease was at this

time enjoying rather too much favor, Dejerine even went so far as

to attempt to confine the process of degeneration to certain groups of

ganglia or to the anterior horns, an assumption which according to

the latest discoveries is altogether incorrect. Were the process one

of primary parenchymatous degeneration of the ganglion cells, it

would necessarily confine itself to these and their immediate neighbor-

hood, and could not involve the spinal cord as diffusely as it does in

fact in most cases. At the most we could admit a secondary degen-

eration of the branches of the cells of the lateral columns.

The reason why the inflammation should always in a striking

manner prefer the area of the central artery is not even yet definitely

known. We must confess that we are just as ignorant of this, on the

whole, as we are of the reason why the syphilitic virus of tabes should

prefer the sensitive areas, or should by preference attack at one time

the carotid and at another the basilar arteries of the brain. If we
took for granted that the anterior gray columns or their ganglia bear

some particular relationship to the specific \drus, we should only

again revive the old doctrine of primary invasion of the ganglion cells

in another form. Goldscheider believes that there may exist peculiar

conditions of pressure in the central artery, or unusually favorable

conditions of diffusion for the virus of the disease in its area. This

supposition is of course purely theoretical, and it would perhaps be

better simply to confess our ignorance. We desire, however, to em-

phasize once more that in the first place there is only rarely present

a very sharp restriction to the area of the central artery in typical

cases of spinal paralysis of childhood, and that we are cognizant in

the second place of all transitions in a pathologico-anatomical sense

between poliomyelitis and transverse myelitis, to which belong the

disseminated forms of myelitis and diffuse central myelitis; indeed

poliomyelitis is generally in the beginning more or less diffuse. The
Vol. XL—44
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cerebral symptoms, convulsious and cranial-nerve palsies, do not

enter into consideration in tliis connection.

Symptoms and Course.

Spinal paralysis of childhood may, according to its course, be di-

vided into three stages : 1. The prodromal period, and the acute be-

ginning of the disease, the initial stage; 2. The period of paralysis

in its most diffused stage; 3. The period of the gradual amelioration

of this paralysis as far as it will go, and the determination of the per-

manently paralyzed groups of muscles, including the sequelye of the

paralysis (contractions, deformities). These periods are of course

not sharply marked, but usually merge into each other. Distinct

prodromal pains are very rare; sometimes the children will com-

plain of weakness of the limbs, become listless, and lose their ap-

petite. As a rule, however, they are suddenly overtaken by the

disease while in perfect health. It is possible to distinguish four

forms of the initial stage, characterized as febrile, or febroneurotic,

or as purely neurotic, or possibly there may be no particular symp-

toms ; more logically expressed, the initial stage is absent. We may
confess here that we know very little about the initial stage from

direct medical observation, as medical assistance is usually invoked

only after paralysis has already occurred; only the more severe

nervous symptoms of the initial stage are likely to come under medi-

cal observation. As a general rule, however, we shall have to fall

back on the previous history.

The febrile initial stage is most frequently met with. It is usu-

ally accompanied by gastric symptoms, often by vomiting. In a few

closely observed cases it was found that the temperature had risen

above 39° C. (102.2° F.). Fever usually continues only a short

while—twenty-four hours—at most three to four days (Mediu).

In the febroneurotic initial stage the fever is accompanied by

marked cerebral symptoms, most frequently spasms are present, and

these usually in the form of general convulsions ; more rarely they

involve only one side or a single extremity. One attack only may
occur, or a status epilepticus may remain. In this case the children

may sometimes die, and then the diagnosis is very difficult to make

;

the latter was, however, determined post mortem in a number of Me-
din's cases. A comatose or stuporous condition may take the place

of the spasm. It is only in rare cases that fever is absent and neu-

rotic symptoms alone are present.

Cases in which distinct initial symj)tomH are absent are not at all

rare, at least according to the historj' furnished by the parents. The
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child has been put to bed on the previous evening in i^erfect health,

has slept peacefully during the night, and in the morning the paraly-

sis is noticed. In very young children, or when no close observa-

tion has been made, the paralysis may occasionally not be discovered

by the parents until a long time after its occurrence.

The paralysis itself—the second stage having now been reached

—

is generally a very extensive one in the beginning. In many cases,

the trunk and all four extremities are involved, frequently also the

muscles at the nape of the neck ; and in cases in which the paralysis

is confined to the lower extremities, there is at least a total x^araplegia.

As the beginning of the paralysis is hardly ever observed by the phy-

sician, we have no positive knowledge of the manner of its develop-

ment; its appearance is at all events very sudden—in some cases

nearly in an apoplectiform manner. It has only rarely been observed

that one limb, for example, was paralyzed in the morning, and an-

other in the evening. As a general rule it may be assumed that after

distinct paralytic symptoms have existed in a case for nearly twenty-

four hours, a further extension of the latter need not be feared, the

disease has then reached its acme, and a change for the better only is

to be looked for; the paralysis therefore is in no case a progressive

one.

Cases in which the paralj'sis from the beginning involves only

limited muscular areas, as one leg, the muscles of the sacral plexus,

the shoulder and arm, are, as already mentioned, of rare occurrence.

In these cases of partial paralysis, the general rule holds good that

in the arm the proximal, in the leg the distal, muscular areas are

usually paralj^zed, although exceptions to this rule may of course be

met with. It is important to remember that paralysis of certain

cerebral nerves may also occur in the course of a " spinal" jjaralysis

of childhood. Most frequently the hypoglossus or the facial, or

the facial and abducens are affected. We have met with cases of

paralysis of the facial nerve which were very similar, especially in

their local sj^mptoms, to a poliomyelitis acuta, but in which there

was no spinal paralysis whatever. These cases are probably closely

related to those of extensive encephalitis recently described by Op-

penheim. We have seen a similar case in which there remained a

slight facial paralysis. Medin also has recorded a few instances of

facial paralysis among his cases ; Kedlich found in such a case foci of

disease in the pons and medulla oblongata. These cases are also im-

portant from a theoretical point of view, because they demonstrate

the presence of disease of the general nervous sj^stem in infantile

spinal paralysis.

The paralysis in acute poliomyelitis is at the outset a flaccid one,
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the reflexes in its whole area being absent. At first there is, of

course, no atrophy, and the disturbances of reaction to the electric

current are probably very slight during the first few days. Seelig-

mliller has, however, found marked lowering of electric irritability

as early as the third day. Sensation is always preserved, as far as

this can be determined in little children
;
pain is said to be present

occasionally. The bladder may be affected in the initial stage, al-

though, of course, this is a difficult matter to determine in very young

children, and the same may be said of disturbances of function of

the rectum. There is never any permanent involvement of these or-

gans in the later stages of infantile paralysis. As a rule the general

health is good. Decubitus is never produced. This severe stage of

the paralysis, consisting in the worst cases of a total paralysis of most

muscles whose innervation proceeds from the spinal cord, lasts only

a short time, usually not longer than a couple of days. Then the

first movements return generally in the toes or in the fingers.

At first improvement is rapid, very soon one whole extremity, or

both upper ones for example, again recover their motility. Usually

the muscles of the nape of the neck and also those of the trunk rap-

idl}^ improve. By the end of the first six weeks only those muscles

remain paralyzed which will be permanently disabled. Recovery is,

however, not yet completed, but its progress from this time on is

slower. Finally only a portion of the muscles of the extremity which

was chiefly affected remains paralyzed, while another portion goes on

to recovery. In this manner convalescence may continue into the

third quarter of the year from the date of the beginning of the paraly-

sis, but after this the affection usually remains stationary ; in other

words, those muscles which have not regained their functions by the

expiration of nine months will never afterwards regain their power.

It may, as a general thing, be said that the more extensive the

paralysis, the more rapidly in the beginning will be the improvement.

If, on the other hand, the paralysis was a circumscribed one from

the beginning, then convalescence also be slow. This is dependent

on the fact that in the first case the anatomical changes, although

diffuse, are severe only at one point, while in the latter case they are

confined to a narrow field, but are pronounced in this area. For this

reason those rare cases in which the paralj^sis does not improve at

all, but persists in the stage of its greatest extension, are marked

usually by a x)ai"a'lysis which is circumscribed from the beginning.

It is questionable whether improvement in infantile spinal paralysis

can ever progress to a perfect recovery ; the possibility of this cannot

be denied a priori, but at any rate it must be of very rare occur-

rence ; it is difficult to conceive of the possibility of a cure in the ana-
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tomical sense. We are at this day aware that the motor centres of

luost muscles occupy more than one spinal segment, so that a paraly-

sis of any given muscle obtains only when its entire nerve centre is

destroyed. Poliomyelitic foci, which confine themselves to one seg-

ment, therefore, need not cause a permanent paralysis. This latter

condition, however, occurs unfortunately very rarely, as the branches

of the central artery distribute themselves over numerous segments.

Aji apparently i^erfect cure may perhaps sometimes occur, when a

lesion is present in the dorsal region of the cord, involving at first the

muscles of the cervical or lumbar enlargements, and later concentrates

itself altogether in the dorsal region, thus giving no evidences of its

presence. Practically, however, it may be said that in all cases of

infantile sjjinal paralysis a definite paralysis will remain behind in

some part of the body.

The grouping of these definite forms of paralysis is of course ex-

ceedingly diverse, one is inclined to say arbitrary, as it depends on

the site and the size of the lesion, and of course also upon the number
of lesions remaining. Seeligmiiller has compiled a table of the indi-

vidual varieties, according to the frequency of their occurrence. Pa-

ralysis of the lower extremities is much more frequent than that

of the upper. Paralysis of one lower extremity only is most fre-

quently met with, and then usually does not involve the entire limb,

being often confined to the muscles of the leg, to the flexor or

extensor muscles of the foot, or perhaps to the muscles of the thigh,

those of the leg remaining normal. Total paralysis of all the muscles

of one leg is very rare. We have seen the long flexor muscles of the toes

remain normal, with relative frequency, in cases of nearly total paraly-

sis. Some one or more of the muscles of the hip joint also usually

escape. Paralysis of both limbs frequently occurs, but it is hardly

ever entirely symmetrical ; thus the muscles of both thigh and leg

may be involved in one limb, while in the other only those of the leg

are affected. A paralysis of all four extremities, paraplegia, or a

crossed paralysis, as of the right leg and the left arm for example, is

rare. Hemiplegic forms of paralysis occur very rarely ; the rarest of

all forms is a cervical paraplegia. We see not quite so infrequently a

paralysis confined to one tibialis anticus muscle. Permanent forms of

paralysis of the muscles of the trunk are more frequent, but those of

the flexors of the neck and head or of the diaphragm are very rare.

Although there is apparently little order in the distribution of the

paralysis, this is changed when we come to study the grouping of the

permanent forms of paralysis. To Remak belongs the credit of hav-

ing been the first to point out, from purely clinical observations, that

certain combinations in the forms of the paralysis typically recur.
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He also came to the conclusion that these types must have their origin

in the anatomical grouping of the motor centres of the muscles in the

individual diseased segments of the spinal cord. Further clinical

observations, especially in cases of injury of the spinal cord, as also

experimental researches, made especially by the English, have shown

that in affections of the upper portion of the cervical enlargement

we have paralysis of the deltoid, infraspinatus, biceps brachialis,

and supinator longus muscles. Should the affection of the cervical

portion of the spinal cord travel downwards, the extensors of the

hands and fingers will be first affected; should it have its seat in the

lower portion of the cervical enlargement, the flexors alone may pos-

sibly be paralyzed. Paralysis of the quadriceps is very frequently

combined with that of the adductor muscles, although the sartorius,

which arises much higher, escapes with remarkable frequency. On
the other hand, the tibialis anticus is not rarely involved in paralysis

of the quadriceps femoris. This muscle again sometimes remains

normal, while all the muscles of the leg are affected, or finally it may
be the only one paralyzed. The extensor communis digitorum is

generally paralyzed together with the peronei muscles, the muscles of

the calf remaining intact, and when the latter are involved it fre-

quently happens that the peronei escape.

As before mentioned, all these types are fullj^ explained by what

we now know as to the grouping of the muscle centres in the indi-

vidual segments of the spinal cord, the anatomical details of which it

is unnecessary to enter upon here. This rule, however, is of course

not an absolute one, for the extent of the individual lesion is natur-

ally not always the same, and quite irregular offshoots may branch

out from the main focus and alter the symptomatologj^ very consider-

ably ; the grouping of the paralysis will also depend upon the size of

the motor centre of each individual muscle, as one of slight extent

is naturally more easily destroyed than a long one. The paraljsis

is of the relaxed variety from beginning, and so remains even in the

muscles which are permanently paralyzed. Neurogenous contrac-

tures never occur, and those contractures which are frequentlj^ met

with later on are, as we shall see, of an altogetlier different nature.

All the reflexes which are dependent on the permanently paralyzed

muscles remain definitely absent. As regards the sphincters and

the general sensibility, nothing need be added to what has already

been said.

The trophic disturbances, especially those relating to the muscles,

are of very great importance. The muscles given over to permanent

paralysis usually very rapidly become atrophied. This atrophy ma.y

generally be demonstrated within a few weeks after the attack, and it
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then makes rapid progress. When the muscles of an entire extremity

remain permanently paralyzed, they may, by the end of from six to

nine months, be so far destroyed that there seems to be nothing but

bone covered by the skin. Those muscles which recover during the

first few weeks do not become atrophied, but those portions of the

muscle whose restoration is deferred for a long time, many months

perhaps, will become more or less atrophied according to the dura-

tion of the paralysis.

The changes in electrical reaction will go hand-in-hand with the

trophic disturbances of the muscles. In the greatly affected muscular

areas, exactly as in grave peripheral paralysis, there may be demon-

strated, probably after twelve to fourteen days, sometimes a little

later, a complete reaction of degeneration. Both intra- and extra-

muscular irritability to the faradic current will be absent, as well as

the extramuscular irritability to the galvanic current. On the other

hand, the direct galvanic excitability of the muscles is increased, and

we frequently obtain the formula, AnCC>CaCC, but the contractions

are slow. The muscles which rapidly recover do not show any change

in their electrical irritability ; those which remain paralyzed for a

long time, but eventually recover, generally show a slight diminution

of excitability to all forms of electricity, but without qualitative

changes. It may thus be seen of what importance an electrical ex-

amination is in the diagnosis and especially in the prognosis of in-

fantile spinal paralysis ; for it may be said with absolute certainty

that those muscles which show complete reaction of degeneration

after the fourteenth day will remain permanently paralyzed, and

that, on the other hand, all others, even those with a marked but

simple diminution of excitability, will recover.

In the permanently paralyzed muscles the exaggeration of gal-

vanic irritability disappears at about the second or third month, and

then this irritability gradually decreases more and more ; but it is

very characteristic of infantile spinal paralysis that the remains of

an intramuscular galvanic excitability may still be demonstrated for a

long time in the paralyzed muscles.

The trophic disturbances of the bones have been mentioned above.

We have to deal mostly with a retardation of growth in their length

;

the bones, however, also remain thinner, and their ridges for the

muscular attachments are absent. This retardation of growth is found

in the paralyzed extremities, but does not altogether conform to the

gravity of the muscular paralysis. Seeligmiiller has seen one case of

excessive growth of bone in its length. True trophic disorders of the

skin are not observed, but vasomotor disturbances are always found.

Generally the skin of the paralyzed limbs is cyanotic and colder
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than that of those not paralyzed; occasionally also it is slightly

oedematous.

Finally, the contractures and deformities occurring as a sequel to

the paralysis are of classical importance. The two conditions overlap

each other. We designate as contractures the distortion of the posi-

tion of the limbs in the early period, when they can readily be cor-

rected; while we speak of deformities only when the abnormal posi-

tion cannot be rectified without having recourse to heroic measures,

for reasons that will be discussed below. Besides these true articular

deformities we meet, especially in the worst cases, with the so-called

flail joint. The deformities, like the paralysis, are most frequently

found in the lower extremity, especially in the foot. Most generally

we find talipes equiuovarus, next to it equinus, frequently accom-

panied by pes cavus ; more rarely we see pes planus, valgus, or varus,

and much less frequently talipes calcaneus, which may be divided

into the more frequently occurring talipes calcaneovalgus, with accom-

panying cavus and talipes calcaneovarus. At the knee-joint we most

frequently meet with genu recurvatum, eversum, or inversum—verj^

rarelj^ with a contracture of the flexor muscles. At the hip joint we
frequently find a flail joint (Jamhe de j)olichinelle) ; contractures in the

position of abduction or adduction with flexion and rotation are also

encountered. In these cases luxations of the head of the femur may
also occur.

In the shoulder we frequently find that the head of the humerus
has left the glenoid cavity, the so-called jmralytic subluxation. In

the hand, flexion of the fingers, or extension of both fingers and hand,

may be observed. In the hand and fingers contractures only but no

actual deformities are found.

There are three factors which are concerned in the production of

the deformities of infantile paralysis ; these are in the order of their

importance as follows: In the first instance we have the primary

voluntary contraction of the non-paralyzed muscles of the joint,

which, not l)eing corrected by the opposing paralyzed muscles, be-

come permanently contractured. In this manner the deformities

are produced, especially in cases in which only certain of the muscles

which move a joint are paralyzed. Under the second heading may
be placed the static conditions especially urged by Volkmaun, namely,

the simple weight of the paralyzed limbs, the pressure of the bed

clothes, and the result, especially in the foot, of the faulty position

caused by the active contraction, for example, talipes varus or valgus

or calcaneus, which is continually increased by the act of walking.

These static conditions must of necessity act alone if all the muscles

of a joint are paralyzed. They act together along with the contraction
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of the muscles in cases of paralysis of a portion only of the muscles

of a joint. They may here, as previously mentioned, increase the

effect of the muscular contractions, or sometimes may antagonize it,

as, for example, in the case of a pes equinus in which the action of

the muscles is not too powerful. It goes without saying that these

static causes of deformities act especially in long neglected cases.

It cannot, however, be emphasized too strongly that of the two men-
tioned factors the first—the muscular traction—is by far the more im-

portant. This may be seen particularly when it causes changes in

the position of a limb directly opposed to the weight of the extrem-

ity ; thus, for example, in pes calcaneus, in cases in which the chil-

dren have never walked, in flexion of the knees, in flexion and abduc-

tion or adduction of the hip-joint, in extension of the hand and
fingers. It is a consideration of these cases which has in particular

led to the final rejection of the teaching of Volkmann, who acknowl-

edged only static conditions in the production of deformities.

The third factor consists in permanent nutritive shortening of the

contractured muscles, shortening and deformity of the tendons and
ligaments, and changes in the surfaces of the joints. In this manner
the retardation in the growth of the bone is also brought about. At
this stage the distortions of position are not easy to correct, for the

deformity is already an accomplished fact. As before stated, rigid

deformity of a joint does not usually occur when all the muscles mov-
ing it are paralyzed, for then a flail joint is the result. It is not to be

expected, when we consider the variety of the individual factors caus-

ing the deformity, that in each individual case, with a similar group-

ing of tlie paralyzed muscles the same anomaly of position should

occur; in other words, we cannot always with certainty tell, from

the deformity alone, which muscles are paralyzed, for our calcula-

tions are frequently overthrown by the other influences above men-
tioned. As, however, the traction of the non-paralyzed group of

muscles is the chief factor in the production of the deformity, we are

able from a study of direction of this deformity to arrive at some
conclusion concerning the seat of the paralysis. But we must re-

member that nearly every individual deformity can be produced not

only by one but by several forms of paralytic contracture, and we
should therefore always control any conclusions based upon the data

furnished by the deformitj'^ by other methods of examination, especially

by an electrical examination. Individually, the following may perhaps

be said of the various deformities. Pes equinus may be occasioned by

simple static factors if all the muscles by which the foot is moved are

paralyzed; in this case the deformity is usually in the form of a tali-

pes equinovarus and cavus. Much more frequently talipes equinus
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is caused by a partial paralysis, tlie flexors of tlie toes becoming con-

tractured in consequence of parah'-sis of their antagonists. A rare

form of pure equinus results from a paralysis of all the elevator mus-

cles of the foot, the depressors remaining normal. Much more fre-

quently we meet even in this case with equinovarus, resulting from a

paralysis of- all the muscles which flex the foot (the tibialis anti-

cus, extensor longus hallicis, and extensor communis digitorum),

and of the peronei, which extend the foot and force it into a con-

dition of valgus; then the muscles of the calf alone remain active,

and these not only depress the anterior portion of the foot but

also produce varus. This latter condition may be still further in-

creased if, as quite frequently happens, some power remains in the

tibialis anticus as well as in the muscles of the calf, and only the ex-

tensor hallicis, extensor communis digitorum, and peronei are para-

lyzed. Finally, a condition of equinovarus may possibly also result

if all the rest of the muscles of the leg are paralyzed, while the tibi-

alis anticus is only in so far weakened that it is unable to antagonize

the weight of the foot, but may still pull it over into a varus position.

The very rare talipes equinovalgus may most readily be formed when
all the muscles which move the foot, except the peronei, are para-

lyzed, or if, with paralysis of the flexors of the foot, the peronei are

weaker than the true calf muscles.

The arching of the foot in talipes equinus is probably always of a

static nature.

Talipes calcaneus occurs as a rule in paralysis of the depressors

of the anterior portion of the foot, when the elevators are normal.

As the muscles of the calf are usually alone paralyzed while the

peronei are normal in this case, these muscles convert the talipes cal-

caneus into a calcaneovalgus and increase the arching of the foot (pes

calcaneovalgus excavatus).

The very rarely encountered pes calcaneovarus may occur if the

tibialis anticus alone remains intact and strong enough to raise the

foot and to bring it into the position of varus.

Talipes valgus may be produced by a paralysis of the tibialis an-

ticus alone, talipes varus by a paralysis of the extensor communis
digitorum alone.

In the knee, genu recurvatum is most frequently met with ; its oc-

currence is to be hoped for in the paralysis of all the muscles moving
•the knee-joint, as then only is walking possible. It will of course

occur more readily, though this is very rare, when the quadriceps re-

mains intact and the flexors of the knee are paralyzed. An active

flexion of the. knee is also very rarely met with ; it occurs when the

extensor muscles alone are paralyzed.

J
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In the hip we usually meet with a flail joint. However, abduction,

outward rotation, and slight flexion of the thigh may be present if

the adductors are paralyzed and the abductors and the ileopsoas

remain intact; and on the other hand there will be adduction and
also flexion if the adductors and the ileopsoas are intact, and the

abductors, namely the glutei, medius and minimus, are paralyzed.

In the first instance a luxatio infrapubica and in the latter a luxatio

iliaca paralytica may eventually appear.

Marked scoliosis or kyphoscoliosis may be the sequel of a uni-

lateral or bilateral paralysis of the muscles of the trunk. Scoliosis

may, however, also follow the shortening or the lengthening of one of

the lower limbs, and lordosis a permanent flexion at the hip-joint.

A paralytic luxation of the shoulder-joint makes its appearance

when nearly all the muscles of the shoulder, but especially the del-

toid, are paralyzed.

In the elbow-joint we do not meet with deformities, as passive ex-

tension and flexion of the joint are always possible if only the arm
can be moved at the shoulder. In the hand, flexion of the fingers

occurs most frequently in paralysis of the extensor muscles, rarely

extension of the hand and of the fingers in paralysis of the flexor

muscles. Deformities which are difiicult of reduction do not, how-

ever, occur in the upper extremities.

The final stage of the disease consists in nearly every case in the

development of permanent contractures and deformities, which latter

again are essentially a sequel to permanent muscular paralj^sis and

atrophy. The patient is by this time to a greater or less degree a

cripple, but was formerly thought to enjoy, aside from this, full men-
tal and bodily vigor. We are aware at the present time, however,

that this is not so in all cases. Raymond was the first who'made the

observation that, following a spinal paralysis which has occurred in

childhood, a progressive muscular atrophy may occur years after-

wards, and many other observers, the first of whom was Seeligmiiller,

have confirmed this. One of us (Bruns) has seen two cases with the

residuum of an infantile spinal paralysis in one leg and a beginning

progressive muscular atrophy of the small muscles of the hand. In

these cases the distance of the two disease foci from each other is

especially noteworthy. The}' remind one of the frequent occurrence

of classical epilepsy at the age of puberty following an acute encepha-

litis at an early age, and also of cases in which the engrafting of a

multiple sclerosis on an acute disseminated or a focal myelitis has

taken place. According to Heine a recurrence of the inflammation in

an acute form is possible. This will be again referred to in the sec-

tion on Acute Poliomyelitis of Adults.
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It may be well to review brieflj^ what we have said concerning the

course of the disease. This consists of an initial stage whose dura-

tion is from a few hours to a few days, a period of the greatest and

most extensive paralysis whose duration at the most is a few weeks,

and then convalescence or the retrogression of the paralysis which

may continue possibly into the ninth month; at the same time con-

tractures and deformities make their appearance in the areas of the

permanently paralyzed muscles, and these may of course continue to

progress for years.

Death, which very rarely occurs, may be caused by a very wide

extension of the inflammatory process, as post-mortem cases seem to

teach, or by cerebral complications. Our own opinion as regards the

possibility of perfect recovery has been stated above. The rule, at

all events, to which there are hardlj"^ any exceptions, is a partial cure

and a final atrophic paralysis with its sequelae in one or more muscle

areas. Exceedingly rare, comparatively, is the late grafting of a pro-

gressive muscular atrophy on an infantile spinal paralysis which has

run its course.

It is hardly necessary at this day to say that in scarcely any other

disease is the connection between the anatomical process and its

results and the clinical symptoms so clear as it is in infantile

spinal paralysis. We know that this disease consists, in the main,

in a destruction of one or more portions of the gray matter of the an-

terior horns, a degeneration which must lead always, and under all

conditions, to a flaccid and degenerative atrophic paralysis of the in-

volved muscle areas. AVe know, furthermore, that the localization of

this paralysis corresponds in the main with what we know at the

present time of the localization of the muscle centres, of whole ex-

tremities and of individual muscles, in the anterior horns of the differ-

ent segments of the spinal cord. We, finally, know that considerable

destruction of the spinal cord is not capable of perfect repair, there-

fore permanent forms of paralysis will remain behind in nearly all

cases.

It is not necessary that there should be any change in the symp-
tomatology when the inflammatory lesions are not sharply confined

to the anterior horns. Even an extensive participation of the lateral

columns need not provoke spastic symptoms, particularly when the

paralyzed muscles are atrophied through disease of the anterior

horns. Pain seems to be present occasionally in the beginning. We
may not be able to determine the presence of distinct anaesthesia at

first, but slight forms may, of course, escape observation. A slight

disturbance of the function of the bladder seems, however, to be

present in the beginning.
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An explaDation of the initial convulsions which not infrequently

occur occasioned the older authors much difficulty. They were at-

tributed to the result of the fever, or to reflex influences of the dis-

eased spinal cord on the brain. At the present time authors are

probably unanimous in regarding a direct participation of the brain

in the general infection as a probable cause of the convulsions in

these cases. It is precisely the frequent occurrence of cerebral symp-

toms that furnishes a basis for the assumption that in infantile spinal

paralysis we are dealing only apparently with a sharply defined dis-

ease. It seems to us in the highest degree probable—and we are

not alone in this view—that we are dealing with one and the same
disease, only afi'ecting different localities, in spinal paralysis and in

those cases of cerebral paralysis which Striimpell has designated

poliencephalitis acuta infantum. As a rule, the disease of the brain

in infantile spinal paralysis can be only slight and circumscribed, as

permanent symptoms do not frequently remain behind. The combi-

nation of a cerebral and a spinal infantile paralysis is a classical

rarity, although such a case has recently been described by Lamy.
Eedlich also found lesions in the medulla oblongata, in poliomyelitis

acuta, and Medin frequently observed cerebral paralysis as well as

spinal paralysis in children, during the epidemic which he described.

Diagnosis.

The symptomatology of infantile spinal paralj'sis is so character-

istic and in general so uniform that the diagnosis must be considered

an easy one, if only the main features are always kept in view. It

seems unnecessary to repeat these here. It is of course impossible

to make the diagnosis readily in the febrile or nervous (cerebral)

stage, but it may be made with some assurance after the second or

paralytic stage has been reached; and mistakes are hardly possible

by the end of the second week when the paralysis has receded from a

large area which was primarily affected, and when the reaction of

degeneration has appeared in the still paralyzed muscles. Later on

the atrophy and the deformities will at once lead us to a proper diag-

nosis, and this will be confirmed by the reaction of degeneration

which persists for a long time in the paralyzed muscles. As Erb

remarks, a doubt as to the diagnosis will occur chiefly in those cases

which have fully run their course, when there is no longer any re-

sponse to electrical stimulation of the atrophied muscles.

In the differential diagnosis of diseases of the spinal cord, hsema-

tomyelia engages our attention especially. It is true that the latter

nearly always immediately follows an injury ; the same may, however,
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be said of infantile spinal paralysis. Hemorrhage of the spinal cord

affects by preference the gray matter, and may therefore sometimes

perfectly simulate an infantile spinal paralysis if it is confined to the

anterior horns ; but as it usually destroys the posterior horns also,

and sometimes even these alone, we nearly always find marked dis-

turbances of sensibility. More frequently the symptoms of hsemato-

myelia resemble those of syringomyelia.

Infantile spinal paralysis is, as we have seen, a myelitis of the

gray matter of the anterior horns, but it does not sharply confine itself

by any means to this area. As already mentioned, we find in it all

degrees of extension, even a marked transverse myelitis, for example,

a disseminated myelitis or a central diffuse myelitis. It is therefore

possible to be in doubt occasionally whether to designate the case as

myelitis or as poliomyelitis. If, however, we reserve the name mye-

litis for the transverse forms, the distinction will not be difficult;

myelitis will then be distinguished by disturbance of the sense of

feeling, disturbances of the function of the bladder, decubitus, usu-

ally also by spastic symptoms and increased reflexes. Mj'elitis more-

over occurs very rarely in early infancy.

In caries of the spine and in tumors of the latter and of the me-

ninges of the spinal cord, paralysis may sometimes occur suddenly.

In this case, however, the picture presented will be that of a trans-

verse lesion, and not of an atrophic paralysis of individual limbs or

parts of limbs. In all these cases there will also usually have existed

violent pain for a long time, and in disease of the spine frequently

also deformities of the latter.

Progressive muscular atrophy, which may also occur in children,

generally in a familial form, and progressive muscular dystrophy

need only be mentioned to point out their distinguishing character-

istics; both diseases are slow in their beginning and are pro-

gressive.

Infantile cerebral paralysis was formerly often mistaken for the

spinal form, but at the present time this is hardly possible. The
former occurs most frequently in a hemiplegic form, in which the

face is nearly always implicated. Marked atrophy of the muscles is

absent, although occasionally the only symptom remaining of for-

mer cerebral disease in childhood may be an imperfect development

of the muscles and bones; the reaction of degeneration is absent.

The paralysis is of a spastic nature, the reflexes are increased, fre-

(luently to the point of clonus ; often involuntary muscular movements
are present, especially athetosis, hemitremor, or hemichorea; the in-

tellect may be impaired. Not only are convulsions present in the

initial stage, but very often total or partial epilex^sy is developed later
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on. Of possible contractures, we meet with only the cerebral contrac-

tures of the hand and the fingers, and talipes equinus.

The cerebral diplegias might much more easily be confounded at

the first glance with infantile spinal paralysis than the hemiplegias.

The differences, however, in the nature of the paralysis and in the

electrical conditions as compared with poliomyelitis anterior hold

good here as well as in the hemiplegias. The spasmodic movements

in these cases are especially frequent and marked, and the intelligence

is nearly always affected. To this class belongs also what was for-

merly called spastic spinal paraplegia of childhood, and which is un-

doubtedly dependent in most cases upon some disease of the brain.

It stands to reason that the diagnosis ma}'^ become very difiicult when
a cerebral and a si)inal paralysis are combined, but a careful exami-

nation should clear up the diagnosis.

Multiple neuritis in its beginning may easily be mistaken for

poliomyelitis. But its course is different, its development is nearly

always slow, with exacerbations and remissions, occasionally with

true relapses. Convalescence is more uniform ; all the muscles regain

their functions slowly, but not all of them of course within exactly the

same jieriod nor in the same manner as in poliomyelitis, in which a

large part of the muscular apparatus recovers during the first few

weeks, the remainder, however, remaining paralyzed for a long time.

Finally, a perfect cure nearly always obtains in neuritis, but scarcely

ever in poliomyelitis. In neuritis violent pain also is nearly always

present, and frequently the muscles and nerves are painful on pres-

sure. As a rule, we do not find as typical a reaction of degeneration

in neuritis as in poliomyelitis. The localization of the paralysis is

not essentially different.

The typical form of obstetrical paralysis is that of Erb's plexus

paresis, namely, paralysis and atrophy of the deltoid, infraspinatus,

biceps, brachialis anticus, and supinator longus; it very rarely in-

volves also the lower portion of the brachial plexus, or the latter only.

This same grouping of the paralysis may also be found in infantile

spinal paralysis. In this case the previous history is essential to the

diagnosis. In affections of the lower portion of the brachial plexus

an involvement of the sympathetic nerve—contraction of the pupil

and narrowing of the fissure of the lids of the same side—would at

once decide in favor of an obstetrical paralysis. Poliomyelitis is

furthermore rare in the new-born.

The neural progressive muscular atrophy of Hoffmann may occa-

sion paralysis, atrophy, and deformities of the lower limbs, but this

is also a progressive affection, and involves sensation. It is besides

of a familial nature.
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Hysteria may at first sight present symptoms resembling those of

infantile paralysis. Contractures of long duration of the ankles, caus-

ing equinus or calcaneus positions of the foot, are particularly liable

to occur. Along with this the muscles of the leg may also be slightly

atrophied. An electrical examination is usually sufficient for the

purpose of diagnosis, but this must sometimes be made under an

anaesthetic, owing to the great tension of hysterical muscular contrac-

ture ; in most cases also the effect of the anaesthetic will be to relax

the contraction, thus demonstrating that the deformity is not a fixed

one. At the same time there may be present in hysterical contrac-

tures of long duration an actual shortening of the tendons and liga-

ments and finally changes within the joints.

The so-called syphilitic pseudoparalysis of the new-born of Par-

rot, which consists in an inability to flex the arm at the shoulder, on

account of pain caused by the syphilitic disease of the diaphyses and

epiphyses of the arm, may be mistaken for infantile paralysis, but it

is more likely to be confounded with obstetrical paralysis. An elec-

trical examination is not always decisive in these cases, as we know
through Westphal that phenomena reminding one of the reaction of

degeneration may occur in perfectly healthy new-born children. As a

rule rapid recovery results in these cases on the exhibition of mercury

or iodide of potassium.

In Barlow's disease—infantile scorbutus—we often meet with

pseudoparalysis, especially of the lower extremities. These are, like

those of Parrot's disease, occasioned by the pain produced in their

movement, as infantile scorbutus has a predilection for the epiphyses

and joints, and leads sometimes to separation of the epiphysis. The
condition of the gums, the profound anaemia of the child, the contin-

ued fever, and the disturbances of digestion are characteristic symp-

toms of this disease. One of the writers met with extensive obviously

hj'sterical anaesthesia a short time ago, in a case of infantile scurvy,

which had led to the diagnosis of a myelitis. As Barlow's disease

is usually met with in older children, the electrical examination will

decide the issue here.

Hip disease, congenital dislocation of the hip, or severe rachitis

would be liable to be mistaken for infantile spinal paralysis only on

very superficial observation. Congenital clubfoot is perhaps due

sometimes to a foetal poliomyelitis ; it maj^ certainly occasionally be

referred to developmental defect, namely, a myelomeningocele accom-

panied by spina bifida.

The diagnosis should not confine itself solely to the recognition

of the infantile spinal paralysis, but we should endeavor as soon as

possible to find out which of the muscles are paralyzed, this being of
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the greatest importance in prognosis as well as in treatment. Gener-

ally this examination will first be made some time after the paralysis

has occurred, and when the latter has already narrowed itself down
in some measure to the areas in which permanent changes will be

left. The demonstration of this paralysis, as in the adult who can

be ordered to execute certain movements, is of course not often possi-

ble in children, but we may avail ourselves of the fact that when the

extremity is immobilized but the joint to be examined remains free,

and irritation is induced, say by pricking the limb with a needle, the

limb will then usually, in the endeavor to escape the irritation, carry

out all movements which it is possible for it to make ; the seat and

extent of the paralysis may then be determined from these defective

movements. The most certain method, however, is the electrical ex-

amination; we may thus, after the lapse of a few weeks, determine,

even in muscles which are still paralyzed, whether functional ac-

tivity will return or not. This point has already been dwelt upon
at some length above. Muscles showing the reaction of degeneration

remain permanently paralyzed, those showing a weakened reaction

will again recover. An accurate electrical examination, however, in

these crying and actively resisting children who keep their normal

muscles in continual motion is by no means easy of execution ; the

small size of these little patients and the large amount of subcutaneous

adipose tissue also render the examination a difficult one, and not in-

frequently ignorant parents themselves put an end to what they re-

gard as the excessive zeal of the physician. In the foot especially

the conditions are frequently so complicated that a satisfactory con-

clusion may not be reached even when repeated examinations have

been made with the patient in perfect repose, but only an approxi-

mate conception of the extent of the muscular paralysis is obtained.

Practically, however, this will generally prove satisfactory. We have

already considered in what manner the atrophies and deformities

may present a clew to the seat of the paralysis, and in how far they

may be made use of for this purpose.

Prognosis.

In respect to the prognosis of infantile spinal paralysis the fol-

lowing two propositions may be stated : (1) The prognosis as regards

life is very favorable; (2) the prognosis as regards perfect recovery

is very unfavorable.

Of the first it may be said that death as a result of infantile spinal

paralysis is of rare occurrence. It may be, however, that it happens

more frequently than we have imagined up to the present time, for it

Vol. XL—45
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is impossible for us to know whether some fatal cases of convulsions

may not be due to a poliomyelitis acuta. This leads us at the same

time to the remark that probably in most cases of a lethal outcome

grave cerebral complications are present. It may be possible of

course that a widely diffused poliomyelitis may of itself cause death,

when it attacks for example the phrenic nerve. After the initial stage

is passed, we need not, generally speaking, fear a lethal outcome.

As to the second proposition, the termination in a perfect cure is

so very rare that it may practically be left out of consideration. A
permanent paralysis is nearly always sure to remain in one or

more extremities. We are very soon able to convince ourselves,

by the electrical examination, whether one or more of these jjaralytic

foci will remain permanently and what their location will be. The

prognosis will then of course depend on the number and extent of the

lesions, and also on their seat, in so far as the prognosis is, as a rule,

more unfavorable in paralysis of an arm than in that of a leg, or of

one of its parts. We must of course also take into consideration here

the conditions of the individual segments of the limb, as well as the

fact whether a total or only a partial paralysis of a joint is ijresent.

For on this, above all, will depend the occurrence and the kind of

deformity, whose prognostic importance is naturally very great.

Over against these unfavorable prognostic conditions, we may call

especial attention to the fact that we are able in nearly all cases of

extensive paralysis to foretell marked improvement, and with cer-

tainty if the electrical examination has previously given results of

prognostic value. Poliomyelitis does not seem in most cases to exert

any influence on the general health and on the later life of the patient.

The occurrence in later years, however, of progressive spinal muscu-

lar atrophy, which has been not so infrequently observed, should

induce us to be somewhat guarded in our prognosis.

Treatment.

The treatment of infantile spinal paralysis must of necessity be

divided into that of the initial stage, the paralytic stage, and the

sequelse, and of course varies in each of these stages. In the last

stage it is limited to the treatment of the deformities, and is then

surgical rather than medical.

In the initial stage, the treatment is usually confined to the appli-

cation of the general princii)les which guide us in the management of

all febrile affections. Kest in bed is of course necessary, likewise a

non-irritating, light diet—the bowels being regulated when necessary.

More cannot be done, if only for the reason that it is impossible in
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this stage to make a positive diagnosis, apart also from the fact that

tlie physician is generally not called at this time. The probable

presence of convulsions even cannot furnish ground for positive treat-

ment. Should stupor appear, cold affusions may be applied while

the child is in the warm bath. If there is difficult dentition at the

time, the gum may be lanced. Even when i)aralysis is plainly pres-

ent, and a correct diagnosis is thus rendered probable, we would

advise against all active treatment, and that the child be disturbed

as little as possible. All movement is to be avoided, also as far as

possible loud crying, coughing, etc., should be restrained. In jjar-

ticular must we caution against the abstraction of blood by leeches

or wet-cupijing, or against a too energetic so-called derivation to the

intestine or the skin. The favorable influence of these measures is

very problematical, and that most of them act in a debilitating man-

ner is certain. The diaphoretic treatment by wet packs, strongly

recommended by Oppenheim, is unquestionably harmless, and may
perhaps be of some benefit.

The electrical treatment of infantile spinal paralysis until re-

cently enjoyed great repute, and even a directly curative influence

was attributed to it. At the present time we know that this is im-

possible, for whatever nerve tissue has actually been destroyed by

the anatomical process cannot be cured by the cerebral or peripheral

application of electricity. The so-called central galvanization of the

spinal cord, which was in former times recommended by most au-

thors, is probably useless. As regards the peripheral application of

electricity we may proceed as follows : In the first place it should not

be applied too early, not until the greater part of the primary paraly-

sis has receded, and not until it has been positively determined by an

electrical examination which of the paralyzed muscles will recover

their function and which will remain permanently paralyzed. The
electrical tretitment is then to be confined as far as possible to the

former, for treatment of the muscles which show the reaction of de-

generation is unnecessary, and perhaps even injurious. As the mus-

cles, which will recover their function later, show only a quanti-

tative lessening of their irritability, and are responsive to both the

faradic and the galvanic current, it is really only a matter of personal

preference which form of electricity we employ. Perhaps it may be

even more correct, in opposition to the view formerly entertained, to

choose the interrupted current, because this does not affect muscles

showing the degeneration reaction. It is sufficient to employ fara-

dization every second day. This treatment can at all events do no

harm, and the possibility of a favorable influence on the nutrition of

the muscles cannot be denied.



708 BRUNS AKD WINDSCHEID—DISEASES OF THE SPINAL CORD.

Massage may also be employed in place of electricity, or it may
be practised alternately with it. In the beginning only light manip-

ulations should be employed, but later kneading of the muscles may
be resorted to. Actual gymnastic exercises and Swedish movements

can be carried out only with older children.

Besides these methods, general tonic treatment may also be taken

into consideration. This includes an outdoor life, nourishing food,

baths, mud baths, mineral baths in indifferent or chloride of sodium

waters, and other hydrotherapeutic methods. Baths and water cures

should, however, not be employed too early. Cod-liver oil is also to

be highly recommended under certain conditions.

It is also of the greatest importance to counteract from the very

beginning the occurrence of contractures and deformities. We are

convinced from personal experience in isolated but unfortunately

very few cases, that a great number of contractures and deformities

can be avoided by the use of very simple methods during the period

of convalescence, which after they have -once been established can

either not be corrected at all or only by surgical measures. An im-

portant measure, and in this we agree with Oppenheim as against

Seeligmiiller, is to allow the children to lie abed as long as may be

possible. Especially may a weak back and the deformities of the

spine be totally avoided in this manner. The deformities of the lower

extremities, particularly of the foot, are, as we have seen, undoubtedly

due in part to early attempts at walking, which lead to a faulty posi-

tion of the leg. Eest in bed alone is, however, not sufficient, but

aloDg with it various, but generally quite simple, methods are neces-

sary for the prevention of crippling.

Let us consider the foot for the present. Here our measures must
l)e applied to secure as far as possible the maintenance of the foot in

a position at a right angle to the leg. Should a flail joint be present

from paral^^sis of all the muscles of the foot we must prevent the

pressure of the bed-clothing from forcing the foot into the position

of equinus by protecting the limb with a wire cage. The sinking of

the foot into the position of equinovarus by its own weight may in

this case be avoided by keeping the foot at a right angle to the leg

by means of a strip of adhesive plaster. If only a few of the muscles

which are concerned in flexion and extension of the ankle joint are

paralyzed, so that the active contracture of the non-paralyzed muscles

is the main cause of the existing deformities, these measures are in-

sufficient, and the foot must be put up in a side splint, Volkmann's
splint, or a gutta-percha splint which is directly moulded to the foot,

and only removed when the child is to be bathed, or electrically

treated, or is to receive massage.
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The contractures of the hip-joint (we now speak of flexion and al>

duction) are best avoided by extension with weights. So also the

very rare cases of contracture of the flexors of the knee-joint. In ex-

tensive paralysis of these joints, deformities will not occur when the

recumbent position is maintained.

Contractures of the flexore and extensore of the hand are also ol>

viated by means of suitable splints. These need not be worn con-

tinuously, however, a>^ the contractui"es are not usually of high de-

gree. The paralytic subluxations of the arm may also be prevented

by the application of a suitable suspension apparatus. It stands to

reason that the manipulation of the joints by electricity, gymnas-
tics, and massage also acts in a manner antagonistic to the contrac-

tures. After the patient is able to walk, the protective splints for

the avoidance of deformities must, of course, be made stronger

—

slanting soles, for the avoidance of the varus or valgus deformities,

and firm shoe splints, perhaps with a conti'ivance to raise or lower the

toes. It is particularly important to prevent in time the appearance

of a scoliosis, which is apt to occur through the shortening of a leg,

by using a thick sole on the shoe of that foot.

We must confess to our sorrow that a knowledge of the impor-

tance, eflectiveness, and easy execution of the prophylactic treatment

of the deformities and conti'actures of infantile spinal paralysis exists

almost as little among physicians as among the laity. Usually we are

called on for treatment only in a late stage of convalescence when well-

marked contractures already exist, or even later, and these cases are

often seen by the orthopedic surgeon in a fearfully neglected condi-

tion. In this stage no benefit can be hoped for fi'om either electiical

or medicinal ti'eatment, and the case is one for the orthopedic sur-

geon, since the ti-eatment of the sequelae of infantile spinal paralysis

is Of purely surgical one.

We cannot enter here into the details of orthopedic treatment, and

will dwell only on a few general points and for the rest refer to the

text-books on orthopedic surgery. Orthopedic measui-es may be

divided into the use of mechanical appliances, such as bandages,

elastic traction apparatus, and fii'm supporting splints, and true

surgical operations, either minor operations which will finally make
possible the use of apparatus, or major operations which will make
the use of mechanical appliances altogether unnecessary. As a gen-

eral rule, we endeavor nowadays to make the apparatus as simple

as possible, or else, especially in those cases in which a perfect result

may not be attained, to resort at once to operative measures. If no per-

manent deformities have appeared, all those forms of apparatus

may first be employed which have been recommended above for the
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prophylaxis of deformities, at the time when the patient again begins

to use his legs ; namel}^ firm splint shoes with perhaps elastic traction

in the desired direction applied to the point of the foot, slanting soles,

high cork soles for the feet, firm retention splints for the knee, to

prevent especially too great a genu recurvatum; supporting appa-

ratus for the hip-joint, and similar supports for the upper extremities.

Most frequently, however, such a simple correction of the faulty

position is not possible, on account of the s.hortening of the non-

paralyzed continuously contracted muscles and their tendons, espe-

cially the muscles attached to the tendo Achillis. Surgical measures,

either so-called redressement forc^ or else a division of the tendo

Achillis, must precede the correction of the deformity in such cases.

After this has been accomplished, the foot is put up in a plaster-of-

Paris dressing for some time, the deformity being at first over-

corrected. Later a suitable retention splint is applied and passive

motions are made regularly.

The division of the flexor tendons at the knee-joint will probably

rarely be necessary. It would be well to apply extension by weights

and to follow it up later with the use of a sijlint.

Old contractures at the hip-joint, especially if they are accom-

panied by a paralytic luxation of the head of the femur, can probably

be rectified as a rule only after a division of the non-paralyzed and

contractured muscles. In this manner alone a reposition of the

luxated head of the femur can generally be accomplished. This

would be best followed by extension with weights.

In very severe cases of clubfoot tenotomy alone is insufiicient,

and recourse must be had to resection of the bones of the foot.

Good results have in late years been obtained in infantile spinal

paralysis by a new surgical procedure, which has been named arthro-

desis b}^ its author, Albert. This measure is to be especially con-

sidered in the worst forms of infantile spinal paralysis, in which a

flail joint has resulted from a paralysis of nearly all the muscles of

tlie joint. It consists, briefly, in producing an artificial ankylosis of

the joint involved. It is especially applicable in a loose ankle-joint

caused by a paralysis of all the muscles, also in non-rigid pes calca-

neus and in a loose knee-joint. By this operation on the hiji-joint

we may frequently again obtain a useful limb, when only the ileo-

psoas muscle is still active, and thereby avoid the expensive splints

needing ccmstant repair. We should avoid arthrodesis if possible, if

only for the reason that sitting is nearly always made almost impos-

sible by it, but it is sometimes necessary in paralytic luxation. In

the arm arthrodesis will probably not be of much use when there is

merely subluxaticm; on the other hand, it may, under some circum-
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stances, be very useful for immobilizing the completely relaxed elbow-

joint in a rectangular position.

We need only mention the so-called tendon transplantation. This

consists in suturing the central end of the tendon of a non-paralyzed

muscle of little importance to the peripheral end of the tendon of a

paralyzed muscle whose function is im^jortant, and in this manner, so

to speak, the function of one is transmitted to the other. This oper-

ation has been performed a number of times recently ; the central end

of the non-paralyzed extensor hallicis, for example, having been

sutured to the peripheral end of the paralyzed extensor communis

digitorum pedis or tibialis anticus; or in talipes calcaneus due to

paralysis of the gastrocnemius the inner portion of the tendons of the

flexor longus digitorum and peroneus has been joined to the tendo

Achillis. Whether this method, which is ingenious, will be useful,

time only can show ; it is, at any rate, applicable only to a limited

number of cases. To obtain the best results, it would jjrobably be

necessary to resort to this method as early as possible.

Poliomyelitis Anterior Acuta Adultorum.

Synonym.—Acute atrophic spinal paralysis (Westphal).

History.

M. Meyer seems to have been the first to have published a detailed

clinical description of acute atrophic spinal paralysis of the adult.

Duchenne, of Boulogne, eleven years later, described the same affec-

tion, and was the first to call especial attention to the perfect analog}^

of infantile spinal paralysis with that of the adult form. This vieAv

was then concurred in by a number of other observers. Although the

question was originally one of clinical observation only, Gombault

in 1873, and F. Schultze in 1878, demonstrated that the anatomi-

cal changes were the same as in infantile spinal paralj^sis, and

that we had to deal with an acute myelitis confined chiefly to the

gray matter of the anterior horns. This established fact could not

be denied, even when it was discovered later that a great number of

cases which had previously been classed with atrophic spinal paraly-

sis were without doubt cases of true peripheral neuritis, which latter

disease may present symptoms very similar to those of atrophic

spinal paralysis. We must admit, however, that there exists in the

adult a disease which is wholly analogous to infantile spinal paraly-

sis. This poliomyelitis adultorum is, however, in itself, and espe-

cially in comparison with infantile spinal paralysis, a very rare dis-

ease. By reason of the close relation of poliomyelitis adultorum
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with infantile spinal paralysis, it is needless to give a detailed de-

scription of this disease in all its parts. It will therefore suffice to

present a general review, dwelling mostly on those few points in which

the two diseases differ from each other.

Pathological Anatomy.

As previously stated, Gombault and F. Schultze demonstrated

that we have to deal in poliomyelitis acuta adultorum as well as in

infantile spinal paralysis with an acute myelitis of the gray matter

of the anterior horns. Later observations, which have been few,

have confirmed this. The inflammatory process of the spinal cord

is not, however, confined to the anterior horns in the paralysis of

adults, any more than it is in that of children, and though we are

not yet in possession of facts Avhich positively demonstrate this

point, still it may be said with certainty that the inflammatory proc-

ess in acute poliomyelitis of adults is confined mainly to the area

supplied by the central artery.

Histological differences in these two forms of poliomyelitis do not

exist. On the other hand, it would appear that the disease is usuall}^

more intense in the adult, in so far as in the adult a greater number
of definitive lesions may remain in both the cervical and the lumbar

enlargements, while in children frequently only one or two definite

foci will remain.

Etiology.

It may also be stated as a fact that we have to deal with an infec-

tious disease in acute spinal paralysis of adults as well as in that of

children. This fact is even more marked here than in the children's

disease, for while in the latter the affection possesses as a general rule

the characteristics of a disease, more especially of an infection sui

generis, and its occurrence as a complication or sequel of some recog-

nized infectious disease is at all events very rare, the latter is nearlj'

always the rule in poliomyelitis adultorum.

I have myself seen two characteristic cases following typhoid

fever; it has also been observed after measles, in gonorrhoea (Oppen-

heim), in the i)ueri)eral state, etc. We may perhaps take for granted

that every infection may, under certain conditions, give rise to these

syrajotoms. Nevertheless, the occurrence of the disease as a primary
affection has not infrequently been observed ; or it might perhaps be

more correct to say, the disease occurs in consetjuence of an infection

by agents as yet unknown to us (infections innomminhs of Marie).

Heavy colds, traumatisms, and overexertion are also looked upon as
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causes. These factors, however, act probably only along with the

infection itself as auxiliary or predisposing causes.

According to some authorities, patients who have passed through

an infantile paralysis are in later years more liable to suffer again

from an acute poliomyelitis.

As regards the particular mode of infection, the reader is referred

to the section on infantile paralysis. We will only mention that the

disease, at least in its acute stage, corresponding to the character of

the infection, does not limit itself to the spinal cord, but may impli-

cate the entire economy, as is shown by the clinical symptoms. We
have here another point of resemblance between atrophic spinal pa-

ralysis of the adult and infantile paralysis.

Symptoms.

The initial stage of atrophic spinal paralysis is always accom-

panied by fever. If the disease is a sequel to some other infectious

disease which has run its course, or occurs seemingly as an independ-

ent affection, the advent of the fever will occur suddenly in the midst

of perfect health ; should it, however, appear as a complication of ty-

phoid fever, for example, an additional rise of temperature may at the

most be observed. The fever may continue in the adult for several

weeks, while it lasts in children at the most three to four days. Ini-

tial cerebral symptoms, particularly convulsions, are rare in the adult,

although stupor, coma, and delirium may sometimes be observed.

This is probably due to the fact that in young children every irrita-

tion of the brain is liable to react with convulsions.

The occurrence of paralysis is usually rapid in the adult, as in

the child ; but the grown patient is naturally more observant than the

child or its parents, and notices that at first one leg, then the other,

and lastly the trunk and upper extremities are involved. In a short

period of time the greater number of the muscles of the body are

totally paralyzed. Adult patients complain much more frequently

than children of intense radiating pain at the onset of paralysis, a

fact which is easily explained by the extension of the anatomical proc-

ess to the posterior columns and posterior horns ; it is probable that

these pains would be noted much more frequently in children also if

the latter could make themselves better understood. Should the pain

be very severe and lasting, a neuritis might of course be suspected.

Disturbances of sensation, paralysis of the sphincters, and trophic

disturbances of the skin are not encountered.

Death may take place during the first stage of the disease from an

involvement of the motor centres of the muscles of respiration ; this,

however, as in infantile paralysis, occurs very rarely.
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The subsequent course of tlie disease is the same as in infantile

paralysis. The general health, after the fever has run its course, re-

mains permanently good. The extent of the paralysis attains its

maximum in the first few days of the disease, after which time it is

not progressive but retrogressive.

In a relatively short period, a few weeks or months, a large por-

tion of the paralyzed muscles again recover. Those which for the

present remain paralyzed show either a complete reaction of degener-

ation, and then rapidly become permanently atrophic, or they show a

diminution of electrical irritability with both currents; the latter

may eventually recover, but very slowly and gradually, more slowly

even than in infantile paralysis, so that we may still hope for im-

provement even after a very long period has elapsed. When paralysis

occurs, it is of the relaxed variety. Finally a total absence of elec-

trical irritability takes place, and all reflexes are abolished. As a

general rule, electrical irritability is more slowly recovered than func-

tional use.

As has already been said, it is the rule to have a greater number
of permanent lesions in the spinal paralysis of adults than in that of

children. Corresponding to this, several or all of the extremities

are involved in the permanent paralysis. Of two cases observed by

the writer (Bruns), there remained behind, in the first, a paralysis of

all four extremities ; in the second, of both arms and of the muscles

in the area of the upper cervical cord, so that even the diaphragm was
paralyzed. This same fact is mentioned by nearly all authors. The
combinations of paralysis in the individual segments of the extremi-

ties do not vary from what we have seen in infantile spinal paralysis.

The types of Remak also occur here. A permanent affection of the

upper cervical region, with paralysis of the diaphragm, seems to oc-

cur more frequently in the spinal paralysis of adults than in that of

children.

It was believed, before multiple neuritis was as yet well recognized,

that acute atrophic spinal paralysis frequently resulted in perfect re-

covery. At the present time we know that this is as infrequent, if it

happens at all, as in infantile spinal paralysis. A permanent paraly-

sis is nearly always left behind in one, or more generally in several

extremities. The termination of a case in perfect recovery necessi-

tates, according to our view, a diagnosis of multiple neuritis instead

of that of poliomyelitis anterior.

An essential difference between infantile poliomyelitis and that

of the adult consists in this, that the deformities so frequently occur-

ring in the one do not i)lay an important role in the other. In the

first place, all those deformities which are occasioned in infantile pa-
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ralysis by tlie disturbance of osseous growth do not occur, as tliis

has ah^eady reached its close. In the second place, the attention of

the adult is of course at once drawn to any beginning contractures

and faulty positions, and he avoids the injurious factors mechanically

active in their production, and is thus able to arrest their further prog-

ress. This is also a hint to us that we might be able to prevent these

deformities in children if we would devote to this object the necessary

care and attention. Deformities in adults are, of course, to be avoid-

ed altogether only by the use of a proper apparatus.

Diagnosis.

The diagnosis of acute atrophic spinal paralysis of the adult would

be easy, with its si^ecific symptoms, if it were alwaj'S possible to

differentiate it from neuritis. This is, however, often exceedingly

difficult. An acute beginning with rapid progress of the paralysis to

its highest point, severe pain, a convalescence at times rapid, at

times slower, atrophy, reaction of degeneration, and a flaccid type of

paralysis, are found in both diseases. Combined paralyses similar

to those of poliomyelitis may also occur in neuritis. The occurrence

of the disease following infectious diseases also is as characteristic of

neuritis as of poliomyelitis. All these factors frequently render a

differentiation impossible in the beginning, and a positive diagnosis

can be based only upon the outcome—a perfect cure in neuritis, a

partial one only in poliomyelitis. In doubtful cases we may bear in

mind that multiple neuritis is a much more frequent disease than

poliomyelitis adultorum. Another difficulty arises from the fact that

the two diseases may coexist, and we now know that even in true

multiple neuritis there is not a perfectly normal condition of tlie

spinal cord.

It might be perhaps possible to hazard a diagnosis of poliomj^e-

litis at the outset of the disease, if the paralysis has come on very

suddenly, more so than it usually does in neuritis, and if pain is

absolutely absent. The reaction of degeneration also is usually more
typical in spinal paralysis than in neuritis. In a prognostic sense,

the early differential diagnosis is of course of great importance.

Hsematomyelitis is differentiated from acute poliomyelitis of

adults by its course, which is rather more rapid than that of poliomy-

elitis, and by the absence of sensory disturbances.

Landry's paralysis is diagnosed by its course, and also by the

absence, in typical cases of the latter, of the reaction of degeneration.
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Prognosis.

The prognosis of acute poliomyelitis of the adult is more favor-

able in one respect than that of the infantile form of the disease,

because the occurrence of deformities need hardly be feared; but in

another respect it is less favorable, because the permanent paralysis

is much more diffuse. The prognosis is always grave; although

death rarely results, the patient usually remains a cripple and un-

able to support himself.

Treatment.

The therapy of the disease is the same as that of infantile paraly-

sis. In the very chronic stage of convalescence, a sojourn at one of

the indifferent or saline mineral springs is to be strongly recom-

mended. In cases of very severe paralysis, apparatus and bandages

for support, possibly also arthrodesis, must be employed. In gene-

ral, however, surgery is of much less benefit in the atrophic spinal

paralysis of adults than in that of infants.

Poliomyelitis Anterior Subacuta.

This affection was described by Duchenne under the name of pa-

ralysie spinale anterieure subaigue. It is a more or less extensive

atrophic paralysis, due to an inflammation of the gray matter of the

anterior horns, which reaches its full development in the course of a

few weeks. The frequency of its occurrence was formerly greatly

overestimated, for, as we now know, most of the cases included here

were really instances of multiple neuritis. Other cases, which were

formerly described under this name, and in which anatomical research

has furnished the proof of a disease of the spinal cord, do not belong

clinically to this category, for their course was a progressively fatal

one. But in subacute poliomyelitis the process must of necessity

come finally to a standstill, and then more or less improvement in the

paralysis will take place.

Subacute poliomyelitis anterior may differ in its s7jmptoms from

the acute form only in its slower development, paralysis of the mus-

cles being always preceded by their atrophy. One muscle after the

other, or one extremity after the other is involved in the paralytic

process, an order indicative of the segment type of lesion.

In the diagnosis multiple neuritis alone is to be considered. As a

general rule, we have to deal with the latter and not with poliomyeli-

tis, certainly so in those cases which go on to perfect recovery.
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The prognosis is not so favorable in these cases as in the acute, as

we are necessarily for a long time in doubt whether the paralysis will

come to a standstill at all, and if so, at what time.

Poliomyelitis Anterior Chronica.

The symptomatology of chronic atrophic spinal paralj'sis was

considered doubtful for some time after the chronic forms of neuritis

had been recognized, for the reason that the anatomical demonstra-

tion of its existence was so very defective. Oppenheim recorded an
anatomically clear case of chronic atrophic spinal paralysis in 1888,

and a second one in 1892. Recent authors have assumed that we
have to deal, in this affection, with two forms of disease. First,

with a real chronic inflammatory process originating in the blood-

vessels, perfectly analogous to acute poliomyelitis anterior, only run-

ning a chronic course; and secondly, with a simple primary, per-

haps a systemic degeneration of the ganglia of the anterior horns.

Pathological Anatomy.

Oppenheim 's cases illustrate these two forms to which we have

just referred. In the first case there were found a simple disappear-

ance of the motor cells of the ganglia, moderate degeneration of the

anterior roots, and more marked degeneration of the peripheral nerves,

with resultant changes in the muscles, but no alterations in the blood-

vessels ; the process was confined to the anterior horns, and in the

lateral columns to the processes of the cells of the lateral columns.

In the second there was a notable increase in the number of vessels,

the glia was softened, and numerous spider cells were found ; the pos-

terior columns and Clarke's columns were also slightly involved in the

inflammatory process. The histological picture in this second case

was entirely that of acute poliomyelitis.

Etiology.

Very little is known of the causes of chronic poliomyelitis. As
quite similar affections have been observed to occur after lead-poison-

ing, it has been thought that there may be some connection with

plumbism. Nonne has recently described a case of chronic atrophic

paralysis occurring in diabetes. In all probability these cases of in-

toxication belong to the second type of Oppenheim's cases. Cases of

primary progressive degeneration of the ganglia of the anterior horns

are very obscure in their etiology.
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Symptoms and Course.

The disease begins slowly, without any prodromic febrile stage;

the patient perhaps becomes aware of a weakness in one or other part

of one lower extremity, then another part becomes paretic, and later

the trunk, the upper extremities, and finally the muscles of the head

and neck are affected. More rarely the weakness is first experienced

in the upper extremities. This weakness after a few months gradu-

ally increases in the muscular areas first attacked until it amounts to

a paralysis with atrophy. During this time severe pain is frequently

experienced, perhaps in those cases belonging to Oppenheim's second

category more especially.

Examination at this time reveals a flaccid atrophic paralysis.

The atroj)hy probably has followed the paralysis rapidly, but it

never precedes it. The electrical reactions indicate degeneration.

We shall find in the paralyzed muscles complete and partial reaction

of degeneration, and frequently also electrical peculiarities, such as

delayed indirect contraction or faradic reaction of degeneration. We
occasionally find a normal reaction in the paralyzed muscles, with the

reaction of degeneration in muscles which still retain their functions.

The tendon reflexes are weak or abolished; they may be delayed, or

may become exhausted after a few trials.

Disturbances of sensibility or of the sphincters are never observed.

The reproductive function remains unaffected.

The segment type is not so marked in these as in the acute forms,

probably on account of the very slow progress of the disease, but

evidences of it may exist. Thus in the arm the triceps may for a

long time remain unaffected; in the forearm, the flexor muscles of

the fingers and the abductor pollicis ; in the leg, the muscles of the

calf or even the tibialis anticus.

The further course may now vary. In most cases the disease is a

continually progressive one. More and more muscles are involved,

and those affected grow constantly weaker, and then become atrophied.

Not infrequently the disease takes on an ascending character, or it

arises from several primary foci, from which it spreads eccentrically.

Finally, there remains a total [)aralysis of all the extremities and of

the trunk. If now the nuclei of the respiratory muscles also become
involved, death by asphyxia is the result.

This course is probably inevitable in primary atrophy of the gan-

glia. The duration of the affection may then be about three years.

In the non-inflammatory cases, however, there may occur a cessation

of the process, with continuation of the paralysis in this stage, after
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the former has advanced to a certain extent. Improvement here also

is very rare. Should a cure take i)lace in a suspected case, we may
regard it in all probability as really one of neuritis. The i)atients

are usually attacked in the prime of life, and men are apparently

somewhat more exposed than are women.

Diagnosis.

The diagnosis of the disease rests upon the existence of a paraly-

sis of the muscles and their degeneration. Its diagnosis may be easy

in those cases which are characteristic in their symptoms and course.

There is very little danger of confounding poliomyelitis with a truly

chronic course with neuritis. Progressive spinal muscular atrophy

probably does not differ greatly in its symptoms from those forms of

chronic poliomyelitis which take on a progressive course. As its

course, however, is also much slower, and one muscular fibre after

another becomes degenerated, the clinical difference arises that

while in poliomyelitis the paralj^sis precedes the atrophy, in pro-

gressive spinal atrophy the atrophy makes its appearance first, and

paralysis can be demonstrated only after this atrophy has become
more or less marked.

For this reason also the reaction of degeneration is rarely marked
in progressive muscular atroi)hy, and frequently it can hardly be

found. Furthermore, spinal muscular atrophj^ usually begins in the

fingers and hands, chronic poliom^^elitis in the legs. It goes without

saying that forms are met with which run into each other, in which a

positive distinction is not possible.

From amyotrophic lateral sclerosis, chronic atrophic spinal pa-

ralysis is differentiated by the fact that in it the paralysis is also in

the legs a relaxed one from the beginning, and that the reflexes are

absent or are weak ; the atrophy begins in the hands in amyotrophic

lateral sclerosis, and the bulbar symptoms also play a much greater

role in it than in poliomyelitis anterior chronica. Syringomyelia

differs so greatly in typical cases from poliomyelitis, by its trophic

and sensory disturbances, that a mistake can scarcely be made.

Only in those cases in which the disease is manifested principally by

the paralysis and atrophy of muscles, and at the same time involves

more rapidly than usual a whole extremity, must the diagnosis for a

time remain in doubt.

Prognosis.

The prognosis in poliomyelitis anterior chronica is very grave.

As a rule, the affection runs a progressive course to a lethal ending.

We may well say with Oppenheim that the clearer the symptomatol-
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ogy the worse is the prognosis. In cases in which there are violent

pains the prognosis is less unfavorable, as pain is usually not met

with in primary degenerative processes of the anterior horns ; and it

is in these latter cases especially that the paralysis progresses un-

checked. When the pain is very marked, we may suspect a compli-

cation with neuritis. If this is the case, the progress of the affection

may become arrested, and some amelioration even may occur.

Treatment.

This is wholly ineffectual in the continuously progressive cases.

If the disease become stationary, it will not be due to our endeavors.

Electricity, massage, and hydrotherapy may be tried, if the neces-

sity for action is felt.

MYELITIS.

Under the general term myelitis, or inflammation of the spinal

cord, we shall include a description of acute and chronic transverse

myelitis, Landry's paralysis, and acute disseminated encephalo-

myelitis.

Definition.

In giving a description of so-called myelitis it is necessary—per-

haps more so than in the case of any other disease—to obtain in

advance a clear idea of what is to be included in this category and

what is to be separated from it. The great difficulty of giving such a

clear-cut definition of the clinical picture of mj^elitis is shown most

clearly by the differences in the views of the most authoritative

writers on the subject. Oppenheim, relying upon extensive clinical

and auatomicopathological experience, looks upon acute myelitis as

an extremely rare disease, whose diagnosis may be made only after

the exclusion of all other possibilities. He believes that the nature of

myelitis is more obscure than that of the majority of other spinal

diseases, and he thinks that chronic myelitis depends, in most cases, on

multiple sclerosis. On the other hand, Leyden, who includes in the

category of myelitis all other chronic diseases of the spinal cord

(with the exception of tabes dorsalis, progressive spinal muscular

atrophy, Friedreich's disease, and syringomyelia), regards it as one of

the best known diseases of the cord. Gowers also speaks of the

frequency of acute myelitis and even of a special predisposition of the

cord to inflammatory disease, but he includes many tilings in this

category which it is better to keep distinct. Pierre Marie is very

i-adical in upholding Oppenheim 's views. He would prefer to drop
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the term myelitis entirely from tlie nosology of the spinal cord and
retains it for the i)resent for clinical and didactic reasons only.

It might be supposed a priori that pathological anatomy would
decide the question and that from its standpoint it would be easy to

determine which diseases merit the term inflammation and which do
not. But this is by no means true. The histological notion as well

as the interpretation of the real nature of inflammation is still a vari-

able one, and this is particularly true in regard to the spinal cord.

It will be shown hereafter that the macroscopical and microscopical

findings which are regarded as characteristic of acute myelitis are by
no means characteristic of inflammation, but occur in exactly the same
way in non-inflammatory diseases of the cord. Moreover, the finer

pathological histology of the cord is still obscure. We need merely

recall, for example, that we are at the very beginning of our knowledge
of the ganglion cells. In this direction, accordingly, it is not possible

to secure a satisfactory definition of the clinical picture of myelitis.

We shall succeed better b}^ basing our considerations on etiological

conditions. We may include among the myelitides those diseases of

the cord which, by their etiology and clinical symptoms, make it

plausible or even indisputable that we have to deal with a virus which
has passed through the blood-vessels to the cord and there exerted a

destructive action. We have to deal here in the main with two large

etiological groups: the infectious diseases and the intoxications

in the narrower sense. Both groups may include a large number of

diseases of the cord which are very different clinically, but are gener-

ally regarded to-day as inflammatory in character. They include

acute and subacute anterior poliomyelitis of adults and children, the

cerebral form of Landry's paralysis, those forms of combined system

diseases which depend probably on a cortical mj-elitis, disseminated

myelitis and encephalomyelitis (to which multiple sclerosis is un-

doubtedly closely allied), disease of the cord as the result of severe

trophic disorders (pernicious anaemia) or the ingestion of poisoned

articles of food (ergotism, pellagra, lathyrism), and finally those

cases of more diffuse inflammation which spread irregularly over the

entire transverse section of the organ and are known as transverse

myelitis.

There are no essential differences between these various inflam-

matory diseases of the spinal cord. The special localization prob-

ably depends on the fact that in one case the inflammation-producing

substance enters the territory of the central arteries (anterior polio-

myelitis and some cases of Landry's paralysis), in another affects the

entire central nervous system in a disseminated form (disseminated

encephalomyelitis, multiple sclerosis), in a third series enters mainly
Vol. XI.—46
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through the cortical vessels (certain forms of combined system dis-

ease), and finally, in a fourth group, affects the cortical and central

vessels uniformly- but only over a limited area longitudinally (trans-

verse myelitis) . Despite this close alliance the course of development

of the doctrine of cord diseases has been such that almost all the

diseases mentioned are discussed in separate chapters, for example,

acute poliomyelitis of adults and children, multiple sclerosis, and the

combined system diseases. This separation has borne abundant

fruit for the development of our knowledge of the individual form of

disease and for this reason we shall not deviate from it. In the main

we shall discuss only the transverse form of myelitis, limited in extent

longitudinally (ti"ausverse and more or less diffuse myelitis) and shall

reserve for it alone the term mj^elitis. But included with it we shall

also discuss Laudi'y's form of myelitis (which in certain clinically

rare forms can hardly- be distinguished at the outset from transverse

myelitis) and disseminated encephalomyelitis, which has been

treated hitherto with scant courtesy and for which it is difficult to

find another place.

If we confine the use of the term myelitis to the diseases which

are characterized by their etiology as inflammatory and which attack

the entire cross section of the cord over a varying extent longitudi-

nall}^ we shall be convinced that myelitis is a rare disease, and that

Oppenheim and Marie, not Leyden and Gowers, have advanced the

correct view. Apart from the above-mentioned trulj^ inflammatory

diseases of the cord, which have been separated from mj-elitis on

account of their special symptomatology and in a measure on

account of historical traditions, the increase in our clinical and

anatomicopathological knowledge has led us to separate from myelitis

an entire series of diseases which were included, until recent times,

in this category, and had swollen it to such an extent that it embraced
the greater part of the diseases of the cord. Thus, the terms com-

pression myelitis and traumatic myelitis were employed formerly,

and indeed are in use even to-daj', although it is known that true

inflammation of the cord is rarely due to acute traumatic compres-

sion, to slow compression by tumors, or to compression from tuber-

culous disease of the vertebrae. It would be better to dispense en-

tirely with the term traumatic and compression myelitis.

A large part of the cases of acute so-called myelitis are due to an

acute thrombotic softening, not to an inflammation. These cases are

entirely analogous to the long known thrombotic softenings of tlie

bruin. It might almost be said that the entire doctrine of acute mye-
litis, and particularly its pathological anatomy, has been erected upon
such cases of vascular softening. Many cases of acute syphilitic mye-
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litis iu particular appear to develop) in this manner, for it is well known
that diseases of the vessels occur very extensively and early in syph-
ilis. In such conditions we have to deal with the usually very acute

syphilitic paraplegias, which often occur without any prodromes.

In cases of meningomyelitis and in the rare true syphilitic inflam-

mation which is confined to the cord, the entire process runs a slow

course and the paralysis is usually preceded by other symptoms,
especially pain. But a slowly progressive softening is not ex-

cluded, even when the cause is vascular, and hence the cases de-

scribed by Erb as syphilitic spinal paralysis may be due in part to

such causes, Avhile in part they are residua of acutely developing

paraplegias. Inasmuch as s^'philis is not the sole cause of the vas-

cular affections which lead to thrombosis, similar diseases of the cord

will naturally occur under other conditions, but they are undoubtedly

rare outside of syphilis.

Formerly syringomyelia was also regarded generally as a chronic

myelitis, especially in those cases in which the trophic disturbances

of the muscles are less prominent and the disease gives rise chiefly to

paraplegic symptoms. On the other hand, the non-inflammatory

nature of the secondarj^ degenerations was early recognized. In like

manner the very large group of hereditary and familial diseases of

the cord, and which in the main are confined to certain systems, are

hardly ever included among inflammations. The tabetic process

also, at least so far as it concerns the spinal cord, is now recognized

definitively as non-inflammatory. It is still questionable whether

the diseases of the white columns in progressive paralysis do not

depend upon a primary inflammatory disease of the cells of the gray

substance, and Marie thinks that this is also possible in regard to

amyotrophic lateral sclerosis.

Finally, the field of myelitis has been materially narrowed by
the investigation of multiple neuritis. All the forms of this disease

were regarded formerly as poliom3^elitis or diffuse myelitis, while

to-day we make the diagnosis of neuritis much more often than that

of myelitis. Our enlarged knowledge of hysteria has also enabled

us to recognize cases of this curable disease, when formerl}'^ the diag-

nosis of chronic myelitis would undoubtedly' have been made.

If we take all these circumstances into consideration, we are forced

to admit that we can rarely make the diagnosis of transverse myelitis

with any degree of certainty, and that this morbid group has lost

considerably in importance. Nevertheless myelitis still possesses

practical and scientific importance. Its practical significance is based

on the fact that we are compelled to make the diagnosis of myelitis

quite often, at least provisionally, because the real cause of the para-
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plegia, perhaps a tumor, is not recognized during life or only at a

late period. The scientific significance of the small number of cases

of true transverse myelitis resides in its etiology. In this particular

we have made considerable progress in the last few years, and the

knowledge we have gained is even calculated to throw new light on

the patholog}' of other diseases of the nervous system.

History.

The first period of the history of myelitis extends from the begin-

nings of medicine to the epoch-making works of OUivier d'Angers

and Abercrombie, both of which appeared at about the same time in

the first third of this century. Until that time diseases of the verte-

brae, the membranes, and the spinal cord were thrown together with-

out an}^ clear distinction. These two authors, basing their studies

upon a large number of clinical and anatomicopathological observa-

tions, first separated diseases of the spinal cord proper, and Ollivier

employed the term myelitis which he had borrowed from Harless.

The two writers made only macroscopic observations, but their find-

ings were of the greatest importance at that time. In particular, they

recognized the connection of acute myelitis with softening of the cord.

The second period extends from the time of these writers until the

appearance of Leyden's text-book in the beginning of the seventies.

The development of our knowledge of myelitis at this time depended

mainly on our constantly increasing clinical experience and the care-

ful histological examination of the normal and pathological cord. Aid

was also furnished by physiological experimentation. It is impos-

sible to give even approximately^ the names of all the pioneer authors.

We will merely mention Dujardin-Beaumetz, Brown-Sequard, Hayem,
and especially Charcot in France; Lockhart Clarke and Gull in

England; Hasse, Engelke, Westphal, Fromanu, and Manukopf in

Germany. In 1875 Leyden collected the experiences of these writers

and his own abundant observations in the principal work of his life,

the "Klinikder Kiickenmarkskrankheiten." To a certain extent he

also marks the beginning of the third period, because he succeeded

in excluding from the category of myelitis much that had formerly

Ijeen included in it. This gradual restriction and finally marked

narrowing of the clinical picture of myelitis, in accordance with the

constantly advancing specialization of our knowledge, is the chief

merit of the third period, at which we have now arrived. The
manner in which this specialization was effected is evident in ]iart

from our definition of myelitis given above. Erb still calls myelitis

the most important and extensive chapter in the doctrine of diseases
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of the cord, but lie is aware that much described under that heading

is not inflammatory in the strict sense of the term. Pick differen-

tiated sj'ringomyelia and the large group of multiple neuritides from

myelitis. The most effective and, at all events, the best prepared

attack on the theory of myelitis was made by Oppenheim, seconded

by Marie. To-day the clinical picture of myelitis, at least in the

opinion of the majority of recent writers, exists only in the very

limited manner which we have described above. It is in consequence

of this that reports of cases of inflammation of the spinal cord have

recently become very scanty. The main interest now centres in the

etiology, and much has been achieved here by exj)erimental investi-

gation.

Until the time of Ollivier the history of so-called chronic trans-

verse myelitis cannot be separated from that of the acute form.

Later this was made to include, for a time, the findings of Tiirck

and Kokitansky in regard to secondary degenerations. The clinical

and pathological investigations of Charcot, Bourneville, Yulpian, and

Ordenstein referred particularly to multiple sclerosis. The occur-

rence of chronic myelitis, apart from that which follows an acute

inflammation, has been rendered very doubtful. Oppenheim believes,

and we agree entirely with him, that we almost always have to deal

with multiple sclerosis ; Leyden, who also includes in this category

the so-called combined system diseases, recognizes their more fre-

quent occurrence.

Our knov/ledge of Landry's paralysis begins in 1859 with Lan-

dry's communication on acute ascending spinal paralysis without

anatomical findings. The succeeding publications, although some of

them mentioned organic findings, merely confirmed Landry's state-

ments, and with Westphal's investigations in 1876, the essential char-

acteristic of this disease, viz., the negative anatomical appearances,

could be regarded as proven. But soon afterwards it was found that,

while in some cases there was no disease of the cord, an affection of

the peripheral nerves could be demonstrated ; and the investigations

of Oettinger and Marinesco—and even the early ones of Baumgarten

and Eisenlohr—showed that very careful examination would some-

times reveal positive changes in the spinal cord. At the present

time we distinguish a central and peripheral form of Landry's paraly-

sis ; the first variety will be discussed here.

The history of disseminated encephalomyelitis is of very recent

date. The names most prominently associated with it are those of

Westphal, Ebstein, Leyden, Kiistner and Brosin.
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Etiology.

The chapter on etiology is the most interesting and in many
respects the most important in the whole doctrine of myelitis. We
have already stated that, so far as regards acute transverse mj^elitis,

Landrj^'s paralysis, and disseminated encephalomyelitis, there are, in

the main, two etiologial factors, viz. , the infections and the intoxica-

tions. So far as regards infections, it may be asserted that the pos-

sibility of an implication of the spinal cord is present in every infec-

tious disease, although some attack the cord more frequently than

others. In the individual case the development of a myelitis will

depend upon the fact whether—perhaps as a matter of accident—the

amount of infectious matter which penetrates the cord is sufficient to

produce disease or whether the cord is a locus minoris resistentue when
the virus is present in the general circulation. The occurrence of

acute transverse myelitis has been observed—in part only clinicallj^

—after measles, scarlatina, acute articular rheumatism, pneumonia,

typhoid fever, malaria, diphtheria, and, especially in the last few

years, after influenza. Recently the development of true myelitis

after gonorrhoea has also been demonstrated (Leyden, Barrie).

The occurrence of suppurative meningomj^elitis in such cases has

long been recognized.

Sj'philis probably does not produce true inflammatory affections

in an acute form. The gummous infiltration which penetrates the

cord from the meninges or develops primarily in the former organ,

will run at the mo&.t a subacute course. In the large majority of

other syphilitic diseases of the cord we do not have to deal with in-

flammation. In the majority of cases of tuberculosis there is a simple

compression of the cord as the result of the extradural carious proc-

esses. More rare are solitary tubercles in the cord itself, and still

rarer is a true inflammatory, miliary infiltration of the cord in general

miliary tuberculosis or secondary to a carious osseous focus. In

tuberculous meningitis, on the other hand, small miliary nodules not

infrequently penetrate the cord.

So far as regards wound infections, cases of transverse myelitis

have been observed after erysiplas, septicaemia, anthrax, and, with

special frequency, after periplieral infection. We are further com-

pelled, for clinical reasons, to assume infection in an entire series of

cases, although we are unable to make a definite statement concern-

ing tlie nature of the infection-producer. Marie speaks of " infec-

tions innominees." This applies, for example, in the majority of

cases of anterior poliomyelitis and not so infrequently in Landry's
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Xjaralysis. It also appears as if the bacillus coli communis may
under certain circumstances produce myelitis, either directly or after

the formation of a toxin.

Disseminated encephalomyelitis and Landry's i)araly8is occur

after the same primary infections, and indeed the direct connection

between the infection and myelitis is usually much more evident in

these forms of disease than in transverse myelitis. Apart from the

diseases mentioned above, encephalomyelitis has also been observed

after cholera, cholera morbus, dysentery, and simple chronic diar-

rhoea. The lirst cases of this kind (after dyseuter}-) were described

by Gubler as early as 1860 ; then followed, in the seventies, the cases

of Westphal after smallpox, of Ebstein after typhoid fever; Kiistner

and Brosin saw a case which was probably connected with an old

gonorrhoea, and Oppenheim mentions its occurrence in tuberculosis.

Landry's paralysis has been observed in direct connection with

anthrax (Baumgarten), typhoid fever (Eisenlohr), smallpox (Oet-

tinger and Marinesco)

.

A considerable increase in the extent and accuracy of our knowl-

edge of the relation between infectious processes and myelitis has

been acquired recently by experimental investigations. These we
owe chiefly to French observers. Myelitis was produced hj Babin-

ski and Charrin by infection with bacillus pyocyaneus, bj^ Koux and

Yersin with the diphtheria bacillus and the bacillus coli communis,

by Roger with the erysipelas streptococcus. Similar experiments

were made by Gilbert, Maufredi and Traversi, Yincent, and Besan-

9on. The similar action of the toxins has been proven in regard

tO diphtheria. Not alone transverse and disseminated myelitis

may be produced in this way, but also partial forms of mj-elitis

—

partial in regard to the transverse section. Thus, the experiments

of Babinski and Charrin resulted in a spastic symptom complex,

while Boger produced a form similar to progressive muscular atro-

phy. Years ago the attempt was made (Haj-em, Lionville, and

Grancher) to produce myelitis by the direct action of chemicals, such

as iodine and glycerin, upon the cord, but the majority of the results

were not free from suspicion. The most successful of these experi-

ments were made by Leyden with Fowler's solution.

The manner in which an infectious disease attacks the spinal cord

may be threefold. In the first place the agents of the primary in-

fection may penetrate directly into the cord; in the second place,

secondary infections may be engrafted upon the primary infection,

for example, upon a diphtheritic or typhoid ulcer, and the cord may

be attacked by this secondary infection; thirdly, the toxins produced

in the body by the primary disease may constitute the real morbific
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element in the cord. The first method has been rarely observed. In

one case of ascending paralysis Baumgarten found anthrax bacilli in

the cord. In a similar case after typhoid fever Curschmann found

typhoid bacilli, which he was able to propagate in pure cultures.

According to Grasset, the second method is especially frequent. The

I)rimarily affected parts are usually colonized by the simple pus cocci,

which penetrate thence into the general circulation and so reach the

spinal cord. The infection seems to occur in this way in many cases

after diphtheria. Eisenlohr also found staphylococci in the cord in

a case of myelitis after typhoid fever. Oettinger and Marinesco

found streptococci in ascending paralysis after smallpox, Barrie

found staphylococci in a case of myelitis after gonorrhoea. Equally

frequent, or perhaps still more frequent than this method, is the

poisoning of the cord by toxins of the primary diseases. It is true

that they have not yet been found in the cord, but that they may pro-

duce myelitis has been proven by Roux and Yersin in regard to the

diphtheria toxin.

An inference in regard to the manner in which the infection has

acted may perhaps be made from the clinical course of the disease in

individual cases. The myelitis which is produced by the primary

infectious agent would probably appear about the same time as the

primary disease; the myelitis due to toxins might follow the pri-

mar}^ disease after the lapse of weeks and months; an intermediate

position, in this respect, would be held by cases in which the mye-

litis is due to secondary inflammation-producers. Whether a dif-

fuse transverse myelitis, Landry's paralysis, or disseminated ence-

phalomyelitis develops, will depend upon circumstances. In the

first event the virus penetrates only a circumscribed part of the

cord, but enters all the vessels of this region ; in the second event the

central vessels of the cord are chiefly affected; and in disseminated

myelitis it extends over the entire vascular tract, but is scattered in

different parts and penetrates the cord in small foci. Our anatomical

knowledge of the distribution of the blood-vessels in the cord teaches

us that the first and third conditions will develop much more readily

than the second, and we therefore infer—as is really the case—that

transverse myelitis will be rarer than the disseminated form, and per-

haps even rarer thau Landry's paralysis.

We must remember, however, that, according to the general be-

lief, peripheral neuritis will develop much more frecjuently than

myelitis after any of the above-mentioned infectious diseases. At all

events the differential diagnosis between the two processes is a difii-

cult one, and it has become the general custom to interpret a ter-

mination in recovery as favorable to the diagnosis of neuritis rather
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than of myelitis. Recent careful investigations have shown us that

in neuritis the cord rarely is entirely unaffected. Oppenheim be-

lieves that he is in a position to maintain that in those cases in which
the symptoms indicate a combination of myelitis and neuritis, the

prognosis is favorable also in regard to the myelitic process. But it

is still certain that, on the whole, the processes which are confined to

the peripheral nerves are more frequent than those resident in the cord,

and that, other things being equal, they offer a much more favorable

outlook for recovery. In regard to paralyses after intoxications there

is a still greater tendency at the present time to attribute them to

neuritic disease, and as a general thing this view is doubtless correct.

But it is not very probable a 'priori that a virus which, when received

into the economy, leads to paralyses, will injure only the peripheral

nerves and not at all the central nervous system. In a certain number
of toxic paralyses the implication of the cord in the shape of a mye-
litis has been demonstrated. Among the metallic poisons this has

been proven positively in regard to lead and arsenic, but it is doubt-

ful in regard to phosphorus and mercury. Among organic sub-

stances the most important in this respect is alcohol; in chronic

alcoholism the centres as well as the nerves are injured. Diseases

similar to acute myelitis also occur after poisoning with carbon sul-

phide. Gaseous poisons appear to have a predilection for the pro-

duction of disseminated myelitis. This is proven in regard to car-

bonic oxide and carbon sulphide, and we have observed it also after

chloroform anaesthesia. However, poisons, like infections, may give

rise to transverse or disseminated myelitis or to ascending paralysis.

Vegetable poisons, as a general thing, appear to produce more
chronic processes, and, in addition, have a greater tendency to attack

individual parts of the cord than to cause a true transverse mye-
litis. This category includes ergotism and pellagra, with com-^

bined system diseases, and probably also lathyrism, whose anatomi-

cal basis is still unknown. Among animal poisons snake virus seems

to be capable of producing myelitis. This category also includes

rabies and the myelitis occurring after the ingestion of spoiled articles

of food, particularly sausage poisoning.

Finally, in certain diseases toxins may develop in the organism

itself and may give rise to myelitis. Thus a iDoliomyelitis was observed

by Nonne in diabetes, and Oppenheim describes a transverse myelitis

in tuberculosis and in the cachexia of cancer. This categorj^ probably

includes the cases of myelitis occurring in pernicious anaemia, icterus

gravis, Addison's disease, and after intoxications starting from the

stomach and intestines. The bacillus coli communis perhaps plays

a part in the latter caSes.
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Chronic myelitis usually develops out of the acute form ; an acute

stage is either followed by a slowly progressive inflammation, or the

latter is interrupted occasionally by acute exacerbations. The latter

course is especially characteristic of multiple sclerosis.

Although the infections and intoxications play by far the most

important role in the genesis of myelitis, we must not forget certain

other etiological factors which formerly played a prominent part, but

are now relegated to the background. This is true, for example, of

colds. If we have to deal, as in certain of these cases, with marked

cooling of the entire cutaneous surface, for example after sleeping in

the open air during cold weather, the question of an intoxication due

to sudden suppression of the entire cutaneous activity may come

under consideration. It is more difficult to explain the positively

observed cases of disseminated myelitis and multiple sclerosis follow-

ing traumatism. In such cases our first thought would be that the

trauma had mobilized some virus. The frequency of so-called mye-

litis after expeditions in war may be explained not alone by the hard-

ships, but by colds, infectious diseases, injuries, abuse of alcohol,

and syphilis. True myelitis has probably never occurred after a

single sexual excess nor from suppression of the menses.

Pathological Anatomy.

With the section on pathological anatomy we come to the most

difficult part of this, on the whole, so difficult subject. This is owing,

in part, to purely extrinsic causes. In the cases of true inflammation

of the cord (in which the etiological diagnosis is also well founded)

death occurs very rarely in the acute stage, in which the recognition

of the inflammatory nature of the disease would be most easy. Death

.usually occurs, if at all, at a period in which the inflammation has

undergone resolution or cicatricial development has set in. Hence
the pathological anatomy of acute myelitis is based either on the

cases of rapidly fatal traumatic so-called myelitis, which are now recog-

nized as non-inflammatory, or on cases of paraplegia which develop

acutely, especially after syphilis, and which depend in the majority

of cases "not upon inflammation but ujjou thrombotic softening. For
these reasons it is very easily understood that the histological de-

scrix)tions of acute myelitis on the one hand, and of traumatic or

vascular softening on the other hand, can hardly be distinguished

from one another. The matter becomes still more obscure in chronic

myelitis which has developed out of an acute attack or has been

chronic from the beginning. Here we find only the results of retro-

gressive metamorphosis, especially the formation of cicatrices, and
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histological examination lias been unable hitherto to distinguish

an inflammatory cicatrix from one due to traumatic destruc-

tion. We have already stated that the pathological histology of

the cord in general is still involved in obscurity. This is due
in part to the fact that, in softening of the cord, the prepaiation

of sufficieDtly thin microscopical sections is attended with diffi-

culty.

Hitherto very few cases have been reported in which the inflam-

matory nature of the disease of the spinal cord has been proven by
the anatomicopathological findings, i^articularly by the demonstra-

tion of inflammation-producers. Clinically, almost all such cases

were examples of a rapidly fatal Landry's paralysis. The findings

in one case of Oettinger and Marinesco which was examined with all

the latest technical auxiliaries, may be mentioned here. Clinically

the case was one of Landry's ascending paralysis. The peripheral

nervous system was anatomically normal. In the spinal cord the

changes affected mainly the blood-vessels; throughout the entire

length and breadth of the cord enormous numbers of leucocytes and

other cells were embedded between the different parts of the vascular

walls (perivasculitis). These cells often contained streptococci. The
latter were also found in large numbers free in the tissues and in the

cells which infiltrated the tissue of the cord. Smaller vessels con-

tained thrombi and exhibited endarteritic processes ; sometimes evi-

dences of recent hemorrhage were found in the vicinity. Some of the

ganglion cells also contained cocci. Otherwise they exhibited all the

stages of cloudy swelling ; the axis cylinder and protox)lasmic proc-

esses were often torn off close to the cell, and there was usually also

a change in the arrangement of the chromatophilic substance. The
microbes were especially numerous in the central canal, in which the

process probably extended very rapidly from below upwards; the

disease was most pronounced in the lumbar cord.

This case, in which, as in the others mentioned above, there can

be no doubt of the inflammatory nature of the disease, may be re-

garded as a model of the method to be pursued in the further study

of acute myelitis. As a matter of course, such clear findings can

be exiDected only in cases in which the disease of the cord is due,

if not to the germs of the primary disease, at least to secondary'

living inflammation-producers. If we have to deal with an effect

of a toxin of the primary disease, the matter cannot be decided

offhand.

We may also, with tolerable certainty, infer a true inflammation

when, as has been proven particularly in the examination of fresh

cases of anterior poliomyelitis, the process extends only to the vicin-
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ity of special vascular tracts of the spinal cord. The findings in re-

cent disseminated encephalomyelitis may also be utilized in the same

way.

These cases of acute inflammation of the spinal cord, which are

histologically placed beyond doubt, form a very small, although ex-

tremel}^ important, minority. If we do not wish to abandon com-

pletely a systematic description of the pathological anatomy, we must

still adhere to the pictures exhibited by traumatic and vascular soften-

ing of the cord. In this direction the picture of myelitis, in all its

details, has already been furnished by Leyden, Erb, and Pick, al-

though with great reservation by the two latter authors. Under the

same reservations, we may give the following description of the

pathological anatomy of myelitis and which in its main feature is

modelled after that of Erb and Pick.

We shall consider for the present onlj^ the so-called acute trans-

verse, more or less diffuse myelitis. The adjective " transverse" in-

dicates that the disease extends, at a certain level, over a large part

of the transverse section without any regard to the systems of fibres.

It never destroj'S the transverse section entirely but alwaj^s leaves

islets of intact fibres. The adjective " diffuse" refers to the extension

of the inflammation along the length of the cord, and this may involve

one or manj' segments. The extension along the transverse section

may also vary greatly at different levels.

According to Erb we may distinguish in myelitis, from an ana-

tomicopathological standpoint, three stages macroscopically : (1) Red
softening

; (2) yellow or white softening
; (3) the stage of resolution,

retrogressive metamorphosis, or formation of cicatrices. In the first

stage, the cord is swollen as a whole at the site of inflammation;

if a transverse section is made, it usually projects considerably above

the level of the cut. The picture i^resented by the transverse sec-

tion is generally indistinct, in many cases nothing can be recognized

because the boundaries between the white and gray matter are

obliterated. In not very severe cases the transverse section exhibits

a speckled, marbled appearance, in which patches of extreme soften-

ing alternate with others which are more or less normal. If the

inflammation affects the entire tranvserse section, the latter exhibits

a homogeneous bright-red, reddish-brown, or chocolate color, accord-

ing to the degree of decomposition of the extravasated coloring

matter of the blood. In such cases we speak of a hemorrhagic

myelitis. The softening may vary greatly in intensity in this stage.

In the most extreme cases the nervous tissue simply flows out when
the section is made; in the mildest cases we find merely oedema
or increased juiciness of the cord. There are numerous transitions
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between these extremes. In many cases the pia mater takes part in

the inflammation.

In the second stage, that of yellow softening, an increase in the

dimensions of the cord is no longer noticeable, and indeed it is often

somewhat smaller. The red color has faded gradually into yel-

lowish-red, jellow, or finally white. This change depends, on the

one hand, upon the gradual absorption of the red globules and their

coloring matter, on the other hand, upon the abundant development

of so-called granular corpuscles. In this stage the softening of the

cord has usually attained its acme, and the mass of detritus is made
still more fluid by the inflammatory oedema which, according to Erb,

is always present.

In the third stage the absorption of thfe degenerated medullary

masses becomes more and more distinct, and the granular cells, which

serve to remove the detritus, are not present in such large numbers as

before. Now the dimensions of the cord necessarily diminish. Fi-

nally, if the longitudinal dimensions of the inflammation have been

slight, this spot exhibits a narrow fissure; if a larger number of

segments have been affected, the part in question may be seen pass-

ing from the upper or lower portions of the cord as a more or less

flat band. With the destruction of the nervous substance proper,

the supporting substance becomes more and more prominent,

consisting as it does of blood-vessels, the neuroglia, and connective-

tissue fibres. The transverse section thus assumes a grayer color,

especially because these connective-tissue parts undergo notable pro-

liferation and finally produce what is known as a spinal-cord cicatrix.

At the site of this cicatrix the consistence is naturally increased, and

to a varying extent according to the duration of the disease. The
well-known secondary degenerations pass up and down from the local-

ity of the cicatrix. It often happens that the morbid process does

not terminate with the acute stage, and in such cases it spreads slowly

at the borders of the primarily affected part. This constitutes the

transition from an acute to a chronic myelitis.

In rare cases a cicatrix does not form at the site of inflammation,

but a thin-walled cyst, filled with clear serum, is produced. Much
more frequently a number of small cavities are found in the cicatricial

tissue. A transition into an abscess— plausible as this would seem in

a purely inflammatory disease of the cord—has not been observed

hitherto in myelitis, with the exception perhaps of a few cases of

gonorrhoeal myelitis. Experimentally, as a matter of course, ab-

scesses have often been produced.

After hardening in chromic acid the parts which exhibit retro-

gressive metamorphosis, cicatricial development, and secondary de-
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generation become much more distinctly visible than when seen in

the fresh condition. The acid stains the normal parts of the white

substance dark brown to greenish-brown ; the diseased parts remain

light yellow. After this manipulation the extension of the process

may often be ascertained very accurately. But it must be remem-

bered that the chromic acid often allows the degeneration to ajipear

much more pronounced than it is shown to be on microscopical ex-

amination. After hardening in chromic acid, if this is still possible,

places in a condition of red or white softening exhibit a diffuse yellow

color and, upon transverse section, a crumbly appearance as a sign of

the intensity of the degeneration. A smooth cut can no longer be

made.

As a matter of course these macroscopic findings will only be ob-

tained if the disease is quite pronounced both in intensity and exten-

sion. If the inflammation is just beginning or if it affects very small,

circumscribed parts of the transverse section, the macroscopic find-

ings may be entirely negative. Here reliance must be placed on the

microscope, and this is also true of simple post-mortem softening of

the cord which was often regarded formerly as inflammatory in char-

acter. We have already remarked that the microscopical examination

is attended with great difficulty for technical reasons as well as because

of our slight knowledge of the pathological histology of the cord.

The microscopical examination may be made upon the fresh cord, or

after hardening, embedding, and staining of the sections. Granular

corpuscles, amyloid bodies, and certain forms of medullary degenera-

tion are recognized best in the fresh condition. In the hardened

preparations we note the extent of the process transversely, the pro-

liferation and disease of the walls of the blood-vessels, the amount

of connective tissue and neuroglia, the swelling of the axis cylinders,

and the secondary degenerations.

In the first stage, that of red softening, we find fulness and even

distention of all the vessels, including the smallest ones; an escape

of cellular elements at first into the walls of the blood-vessels, later

into the surrounding tissues; numerous perivascular hemorrhages;

extreme infiltration of the entire cord with red blood globules, and

in part with white glolmles. The nerve fibres present all stages of

degeneration. At first there is swelling and splitting up of the medul-

lary sheath, so that longitudinal sections of a nerve fibre look like

a rosary. The medulla stains less and less with osmic acid, finally

not at all, and in the end it degenerates completely while more and
more granules are making their appearance. In this stage the axis

cylinders are often very much swollen, so that on transverse section

a large round patch, the axis cylinder, is surrounded by a very nar-
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row medullary rim, and finally the latter may be entirely destroyed.

In transverse sections with Weigert's stain, the axis cylinders often

look like a pale blot on blotting paper. The swelling of the axis

cylinder varies in its different segments, so that it also looks like a

rosary on longitudinal section. The neuroglia and the connective tis-

sue which enters the cord with the blood-vessels show only the first

stages of swelling, and the interstices between the individual nerve

fibres are somewhat enlarged. The ganglion cells show cloudy swel-

ling and granulation, their contours become coarser, the protoplasmic

and axis-cylinder processes break off. The nucleus and nucleolus

remain intact longest. Often the cells are with difficulty recognized

as such. If a microscopic section can be made in this stage, it is

seen that the degeneration is usually most marked at .the centre,

where all the parts are often soft and have fallen out of the section.

The more we apx)roach the periphery the more normal is the condi-

tion of the parts. Sometimes a narrow rim beneath the pia is found

to be entirel}^ normal.

The second stage, that of yellow softening, shows the medullary

degeneration at its height. If the softening has progressed to licpie-

faction, only an imperfect picture of the transverse section can be

secured, even after hardening and embedding the preparation. Where
pieces of the cord are retained in place by the celloidin, the picture is

a varied one. At one spot we see transverse sections of numerous,

closely aggregated blood-vessels with thickened walls, and an abun-

dant infiltration of small cells in the immediate vicinit3^ In other

places are found pieces of the more or less markedly affected nervous

tissue, bits of the medullary sheath, granular crumbs of pigment,

swollen axis cylinders, intermingled with fatty detritus, red blood

globules, and the products of their degeneration. Here and there is

seen a normal nerve fibre. Finallj^, we find islets which consist en-

tirely of proliferated neuroglia or connective tissue; in Weigert's

preparations they assume a uniform yellow color. In the diseased

tissue the ganglion cells appear as small homogeneous clumps in

Avhicli the nuclei are often recognized with difficulty. As a matter of

course the appearances vary with the greater or less intensity of the

softening. In the slighter grades the markings of the transverse sec-

tion of the cord are easily distinguishable and it is only in the centre

that the greatest destruction is found. Sometimes the section is kept

intact only by the framework of the blood-vessels and the neuroglia.

In this stage examination in the fresh condition shows a ver}^ large

number of granular corpuscles, also irregularly shaped drops of mye-

lin, fat, blood pigment, and red and white blood globules.

The third stage, that of cicatrization, shows merely the remains
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of the medullary degeneration, a great part of whicli has been ab-

sorbed. The foreground is here occupied by the proliferation of the

neuroglia and the connective tissue proper, which gives rise to the

cicatricial formation and finally occupies the entire transverse sec-

tion of the cord. Corresponding to its origin the cicatrix always

shows masses of thick-walled vessels and also remains of the medul-

lary tissue, very often pigment clumps, more rarely a few well-pre-

served nerve fibres, and perhaps a few ganglion cells which can be

recognized with difiiculty. The cicatricial tissue also contains the

so-called spider cells. The above-mentioned large cysts correspond

exactly to those which develop in cerebral hemorrhages or vascular

softenings. The smaller ones have a different origin. They are due

to circumscribed necrosis of individual nerve bundles which some-

times attain large dimensions along the longitudinal axis. If the

necrotic parts are absorbed, long cylindrical cavities develop. At

certain periods of its development the necrotic part lies loose in the

surrounding cord, like an osseous sequestrum. The amyloid bodies

are found most frequently in this stage.

A few words will suffice for so-called chronic myelitis. As a pri-

mary disease—apart from the cases in which we really have to deal

with a multiple sclerosis—it is very rare. Diffuse cases have been

described in which there was thinning of the entire cord, with a very

considerable increase of consistence. Under the microscope these

cases also showed cicatricial-tissue proliferation of the blood-vessels,

and the production of spider cells. In the majority of cases chronic

myelitis follows an acute attack. Red and yellow softening are then

found in those parts in which the disease of the cord is advancing,

and cicatricial formation in the parts affected at an earlier period.

There are rare cases of clinically assured acute transverse mye-
litis which undergo complete recovery after the most severe symptoms
have lasted for some time. In these cases the inflammatory origin is

absolutely certain, because they almost always develop after an acute

infectious disease. It must be assumed that the virus here gives rise

merely to an inhibition of function, not to destruction of the parts of

the cord, inasmuch as after actual destruction the human spinal cord

is not capable of restoration.

After this detailed description of the pathological anatomy of

transverse myelitis, we must again emphatically assert that all those

lesions mentioned by writers as characteristic of myelitis possess

no specific value, that the entire pathological anatomy of myelitis

is based upon a very weak foundatiou, and that the above descrip-

tion (whicli follows Erb and Pick) j)ossesses merely a didactic but

no scientific value. To prove these statements we need merely ad-
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cluce the pathological findings in undoubted vascular affections and
in acute comi^ressions by trauma or tumor. It is verj- characteristic

that the stages of red, yellow, and white softening which are said to

correspond, in the cord, to various periods of an inflammation, have

been long known in the brain as the results of embolism or vascular

softening, and that the two conditions cannot be distinguished macro-

scopically from one another. It is also well known that the large

serous cysts, mentioned above, are also found frequently in the brain

after hemorrhages. Moreover, the microscopical appearances of

those cases of so-called acute myelitis in which a vascular origin is

undoubted agree entirely with those which have been ascribed to

true myelitis. For this reason Tietzen goes so far as to assume a

thrombotic origin in all cases of so-called acute myelitis. This also

holds good of the cases of most acute softening after trauma or,

as sometimes happens, in tumors. In such cases we find the abun-

dant proliferation and disease of the walls of the vessels, the peri-

vascular infiltrations and hemorrhages, the granular cells, and the

proliferation of the neuroglia, which have been so often regarded as

positive signs of a true inflammation. The identity of all these ana-

tomical findings becomes still clearer when we pass from the stage of

inflammation to that of cicatricial formation. It is impossible to

distinguish a cicatrix of the spinal cord which is due to injury from

one which has followed an inflammation. In brief, the anatomical

picture regarded as characteristic of myelitis does not permit at any

stage (apart from the very rare cases in which pus cocci are found)

the diagnosis of a myelitis as opposed to a thrombotic or traumatic

softening of the cord. The points which will decide us in favor of

myelitis are especially the etiological factors and also certain pecu-

liarities in the course of the disease. A decisive factor against myeli-

tis will be the discovery (often unrecognized during life) of compres-

sion b}^ a tumor or caries.

We are indebted to Kiistner and Brosin for a careful anatomical

examination of a fresh case of so-called disseminaied enceplialomye-

litis. Gonorrhoea was the etiological factor. A large number of

extremely small foci of degeneration were found, always very close to

the blood-vessels. At first there was emigration of white blood glob-

ules and infiltration of the tissue, then circumscribed destruction of

the nerve tissues, whose products of degeneration were mingled with

the round cells. Then followed absorption so that at first only the

neuroglia network was left over in the afi"ected parts. At a later pe-

riod circumscribed cicatricial development set in. Corresponding to

the anatomical processes recovery occurs relatively often in these

cases. We have already stated that the close relations of the spinal

Vol. XI.—47
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affection to changes in the vessels and its etiologj- demonstrate the

true inflammatory character of the disease in these cases.

Negative findings were formerly regarded as characteristic of the

central form of Landry's paralysis, but the case above quoted of

Marinesco shoAvs what may be expected here from the employment

of the most recent technique.

Symptoms, Course, and Termination.

Acute Transverse Myelitis.

It is impossible to give an accurate systematic history of acute

transverse myelitis which will hold good for the majority of cases.

This is owing to the fact that the morbid process is not confined to

definite systems but may exhibit the most varied localization. Thus

the disease may practically destroy the transverse section at a certain

level, while in other cases it attacks only a part at varying levels.

The longitudinal extension may sometimes be confined to one or two

segments, in other cases it will involve almost the entire cord, the

extent horizontally varying greatlj^ at different levels. Furthermore,

the disease may not be confined to one focus. Indeed, recent experi-

ence teaches that usuall}^, in addition to one large focus, there are a

number of smaller ones, even apart from disseminated encephalo-

myelitis proper. The smaller foci are situated not infrequently in

the brain, particularly, according to Hoffmann, in the optic nerve.

As the special symptomatology of spinal affections depends mainh'

on the location and on the transverse and longitudinal dimensions of

the focus of disease, we can readily understand the variability of the

clinical history of myelitis in individual cases. It would be entirely

out of the question to give a detailed description of everj^ possible

case. In this regard an analysis of the individual case must be made
by applying our anatomical and physiological knowledge of the func-

tions of the different segments of the cord. In the following remarks

we will first make a general survey of the symptoms occurring in

every case of acute myelitis, and then will make a few definite state-

ments concerning the symptoms at various levels. Finally we will

give the symptomatology of disseminated encephalomyelitis and Lan-

dry's paralysis.

The disturbances which occur in acute inflammation of the spinal

cord may be divided into sensory, motor, and trophic, and the first

two groups may be sul^divided according as the symptoms are those

of irritation or of paralysis. The intensity period of development
and tlio grouping of all these symptoms depend not alone upon the

extent of the disease in the transverse and longitudinal directions,
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but also very materially upon the rapidity of the onset of the disease.

For example, in the cases of the most acute myelitis, also known as

hemorrhagic myelitis (its inflammatory character is very doubtful),

pain may be entirely wanting, while in the more subacute or chronic

cases it is almost always present, although in a mild form and par-

ticularly as an initial symptom. In these cases the pains are usually

confined to certain parts of the skin, but sometimes they are located

in the back or exhibit an exquisite girdle character; they are tearing,

lancinating, or dull and boring in character, often burning. In the

latter event there is usually considerable hyijersesthesia of the cor-

responding part of the skin. If the disease progresses and distinct

motor and sensory paralytic symptoms set in, the pains generally

disappear. Intense and long protracted pains always arouse the sus-

picion of implication of the meninges and of the extramedullary pos-

terior roots. We also know, however, that a disease of the second

and third sensor}^ neurons in the cord and brain may give rise to ex-

centric pains, and that these may even appear in entirely" anaesthetic

districts.

Paraesthesise are more frequent than distinct pain in myelitis, and
may appear at any time or be present during the entire course of the

disease. They include the sensations of numbness, formication, and

tingling in the limbs, sometimes the sensation as if a warm current

of water were flowing from the proximal extremity of the limbs down
into the fingers and toes. Complaints are often made that a certain

part of the limb is swollen, for example, the foot. This sensation is

sometimes so distinct that the patient can be convinced with difiiculty

of its subjectivity.

In point of time anaesthesia always follows the irritative symp-
toms, if the latter are present. It is often very indistinct in mj^elitis

and may even be absent during the entire course of the disease. In

other cases it extends rapidly over the entire region which is inner-

vated from the level of the morbid process. As a matter of course,

this will happen only if the entire transverse section is affected. It

is very important, however, to know that particularly at the upper

extremity of the morbid process the transverse section is usually

affected only partially, and that the limits of cutaneous anaesthesia

will then lie considerably below the domain of the ux)permost dis-

eased segment of the cord. Hence we are hardly justified in drawing

an inference, from the extent of the anaesthesia, concerning the upper

limits of the disease in the cord. If the anaesthesia spreads sloAvly

in the special case, it usually extends from the end of the limb to-

wards the trunk.

The anaesthesia of myelitis is usually bilateral but does not always
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extend to the same height on both sides. It is onl}' in very rare cases

that the myelitic process is confined to one-half of the cord. In

these cases, as in Brown-Sequard's paralysis, the pains and parses-

thesise may be found, as root symptoms, on the same side as the dis-

ease, and the anaesthesia upon the opposite side. Not so very rarely

the anaesthesia does not affect uniformly all qualities of sensation.

As in syringomyelia and certain peripheral diseases, it may be con-

fined to the sense of pain and temperature, while tactile sensation

remains unaffected. In such cases, for example, there may be total

anaesthesia of the leg and of the posterior surface of the thigh, and

partial anaesthesia of the anterior and inner surfaces of the thigh.

In mild cases, the point of contact may merely be localized falsely or

the sensation of pain may be delayed. Beyond the limits of total or

partial anaesthesia there is sometimes found a narrow zone of distinct

hyperaesthesia, which is arranged like a girdle on the trunk. This is

very important in local diagnosis, because it indicates the level of the

disease in the cord. But it is much less distinct in myelitis than in

diseases which, like meningeal tumors, for example, lead primaril}^

to a lesion of the roots of the nerves.

Among the motor symptoms the irritative phenomena likewise

precede the paralytic symptoms. Here we have to deal first with

very painful but rapidly subsiding cramps, which are found maiulj^

in the muscles of the lower limbs (particularly the calves) and resem-

ble closely the cramps produced by exhaustion or observed in alco-

holic cases. It is also possible that these cramps are produced by a

primary irritation of sensory tracts, particularly of the j)Osterior

roots. The cramps may develop into protracted tonic spasms of

the entire limb, but this always indicates an associated lesion of

the anterior roots. Involuntary twitching movements are very fre-

quent in the completely paralyzed and perhaps completely anaesthetic

lower limbs. These twitchings consist very often of a flexion of the

thigh, which occurs rapidlj^ in one case, and in another may be

peculiarly slow. If the paralysis and anaesthesia of the legs are not

complete, the twitchings may be attended with pain; even when both

are complete, the movement may be brought to the consciousness of

the patient by the concussion convej'ed to the entire body. Tetanic

rigidity of the entire body, described by Pick, can occur only in very

diffuse myelitis and, in my opinion, should arouse the suspicion of a

notable implication of the meninges.

The motor irritative symptoms are followed by paralysis. Para-

plegia is typical of myelitis, particularly of the lower limbs, rareh^

of all four extremities. As a matter of course the extent of the paraly-

sis depends upon the height of the morbid process and, if the latter
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extends approximately through the cord in a transverse direction, all

the muscles will be paralyzed which are innervated by the diseased

portion of the cord and the parts below it. The following remarks

are merely general in their application, and a si)ecial studj' of the

grouping of the paralyses at various levels of the disease will be made
later. The paralysis develops rapidly in foudroyant cases and may
become complete in a very short time ; not infrequently it appears

during the night, without having been noticed by the sleejnng ijatient.

More frequently an apparently slowly developing paresis is suddenly

converted into com^jlete paraplegia. At first it may be perfectly

flaccid and the well-known contracture ajj^jears only after a certain

lapse of time, at least in dorsal and cervical myelitis and apart from

certain special conditions which will be considered later. The con-

tracture finally leads to rigid spastic tension, usually in extension,

more rarely in flexion of the legs. The flexion contracture is usually

attended with rigid adduction contracture of the thigh. Both interfere

materially with our efforts to keep the patient clean, and hence this

contracture is very unfavorable from a prognostic standpoint. In sub-

acute cases the paralj^sis sets in more gradually, and the contracture

may keep pace with the former. It may also happen that one leg is

paralyzed after the other, and, like the anaesthesia, the paralysis may
extend gradually from- the toes to the ankle, so that the foot is para-

lyzed while the thigh can still be moved. In the rare unilateral mye-
litis the paralysis of the muscles is found, as a matter of course,

upon the side of the lesion opposite to the anaesthesia.

The relation of the sensory disorders to the paralysis is very vari-

able, especially from a topographical standpoint. Motion is almost

always affected much more than sensation. Anaesthesia may be en-

tirely absent even in severe paralysis, or, if it was present at the

outset, it may disappear rapidly while the paralysis persists. If the

morbid process slowly advances, the anaesthesia often lags behind

the paralysis. For example, the legs may be comjiletely paralyzed

while sensation is still intact upon the anterior surface of the thighs.

Even at the height of the disease the motor and sensory disturbances

may not correspond in distribution. All these phenomena depend,

of course, upon the irregular extension of the disease over the trans-

verse section of the cord.

Irritative and paralytic symptoms, whether motor or sensory, are

not separated so sharply from one another as is here represented. If

the disease develops by fits and starts, the paralytic symptoms will

be constantly accompanied b}^ new irritative symptoms. The mus-

cles which depend directly upon the inflamed parts of the cord un-

dergo degenerative atrophy if the inflammation has lasted for some
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time or if cicatricial formation sets in. This occurs distinctly in tlie

muscles of the upper and lower limbs when the inflammation has

affected the cervical or lumbar enlargements. In inflammation of

the dorsal cord we may perhaps detect atrophy of the abdominal

muscles, while the atrophy of individual intercostal muscles may
remain concealed. Electrically the atrophic muscles exhibit partial

or comjilete degeneration reaction. Those muscles whose trophic

centres are situated below the spinal lesion but which are also para-

lyzed, at first maintain their normal nutrition, but if the paralysis

remains permanent they also emaciate considerably. Their electri-

cal excitability diminishes quantitatively and may even be extin-

guished. Wliether this emaciation is a result of the usualh^ attend-

ant marasmus or of separation from the trophic centres of the brain,

is doubtful. Perhaps the disuse of the limbs is also a factor.

In acutely developing paraplegias the tendon reflexes—we refer only

to the patellar and Achilles reflexes—may be completely abolished.

This is analogous to what occurs in all sudden paralyses, even when
cerebral in character. We speak of this as due to shock, although we
are not yet able to give a real explanation of the phenomenon. This

loss of the reflexes usually lasts a very short time, apart from lumbar

myelitis in which they may be ftermanently lost ; in such cases atro-

phy of the corresponding muscles alwaj^s sets in. When the disease

is located in other parts the tendon reflexes soon return and increase

gradually pari passu with the contracture, until they attain those

highest grades to which Brown-Sequard applied the very unsuitable

term "spinal epilepsy." Here the most gentle contact and still more

the slightest movement of the lower limbs suffices to throw them into

a true shaking spasm, which is communicated to the trunk and is so

violent as to interfere with the examination of the individual reflexes.

Inasmuch as total and permanent destruction of an entire transverse

section hardly ever occurs in myelitis, it is rare to find i)ermanent

absence of the tendon reflexes in the legs combined with flabby

paralysis in disease of the cervical or dorsal cord. The possibility

of such an occurrence has been rendered certain, however, in total

transverse lesions at a high level.

The cutaneous reflexes—many of which, for example, the abdom-
inal reflex, are very inconstant and exhibit individual difi'erences

—

are not interfered with in incomplete transverse myelitis, if their

reflex arc is not involved directly in the destroyed part of the cord.

Experience in other complete transverse lesions of the cord shows that

the plantar reflex possesses unusual vitality. It is sometimes re-

tained when all the other tendon and cutaneous reflexes below the

lesion have long been abolished.
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Disorders of the functions of the bladder are extremely frequent

in myelitis, and they are especially important from a j^rognostic

standpoint. Not infrequently they form the initial symi)tom of mye-
litis, especially when the latter begins in a subacute or chronic man-
ner. In these cases poUakiuria may alone be present for some time,

associated not infrequently with an imperative desire to urinate.

The patients are forced to yield forthwith to this desire and often are

hardly able to reach the urinal in time. With or without this pro-

drome complete retention may then develojj suddenl}^ and necessitate

at once the use of the catheter. This occurs at a time when all other

symptoms of myelitis are still absent. The writer has seen this condi-

tion several times in cases which ran a most acute course in the shape

of ascending Landry's paralysis, and once in a subacute case, proba-

bly of dorsal syphilitic meningomyelitis. The further course varies

greatly. It depends mainly on the site of the disease in regard to

the longitudinal section of the cord, and also on the more or less

complete extension over the transverse section. As a general thing

the vesical symptoms are most severe when the sacral cord and with

it the reflex centres of the vesical functions are affected. In favor-

able cases, especially when the dorsal cord is only partly affected,

the possibility of voluntary micturition soon returns, but the patient

must strain for a long time and often retains a part of the urine in

the bladder (residual urine). The imperative desire to urinate may
still persist at this time. If notable improvement does not occur and

there is considerable weakness of the detrusor, while the vesical reflex

apparatus, especially in its sensory part, remains intact, the urine

may be voided in gushes as soon as a certain amount accumulates in

the bladder. This is done unintentionally, but with the conscious-

ness of the patient. If this reflex evacuation does not take place,

perhaps on account of anaesthesia of the bladder, but the sphincter

still contracts vigorously, the organ will be distended to the extreme

limit. Then the obstacle is overcome and the urine escapes drop by

drop from the full bladder (ischuria paradoxa). In the most aggra-

vated cases the sphincter is also paralyzed, but the elasticity' of this

muscle keeps the bladder closed up to a certain stage, so that a cer-

tain amount of urine can still be retained when the patient is quiet in

bed ; this quantity is small, however, and as soon as it is exceeded

the elasticity of the sphincter is overcome and the urine escapes. But

the urine never escapes directly as soon as it enters the bladder from

the ureters, and consequently the bladder is never entirely empty. In

these cases evacuation of the bladder results from a change of posi-

tion in bed, from sitting up, or from increased intestinal movements.

As a general thing the elastic power of the sphincter is greater in
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men than in women. It is tlius evident that the vesical disturbances

may vary greatly in the individual cases of mj'elitis. If the disease

progresses, we usually find retention of urine at the start, and later

incontinence.

The intestinal evacuations are almost always retarded and usually

there is obstinate constipation. Every couple of days a portion of

the fsecal column is discharged spontaneously or it must be re-

moved by enema or manual interference. When the stool is

dry, as generally happens, the elasticity of the sphincter re-

tains it, even if the muscle is paralyzed. If diarrhoea sets in,

the patient is continually soiled. The paralysis of the sphincter

is shown by the fact that it does not contract upon the introduced

finger.

Great importance attaches to the trophic disturbances of myelitis,

,
especially to decubitus. The opinions concerning its real causes have

not yet been harmonized. Until recentl}^ the prevalent opinion held

that it was due mainly or exclusively to mechanical factors and that

the nervous system played an entirely passive part. It was said to

develop particularly when the nursing and cleanliness of the patient

were insufficient, especially when, on account of complete anaesthesia,

the patient did not notice the irregularities in the bed or soiling with

urine, and when he was unable to change his position on account

of the paralysis. For these reasons bedsores were said to develop

most readily in complete transverse myelitis and in dorsal myelitis

with its severe bladder disturbances. As a result of studies in

neuroparalytic keratitis, the view of a direct trophic or perhaps

dystrophic influence of the diseased nervous system is again gaining

ground; if the trigeminus is divided completely keratitis is absent,

but it is especially apt to occur when the nerve undergoes inflammatory

irritation. This theory is favored by the sometimes foudroyant

occurrence and rapid spread of bedsores in certain severe cases.

But it is practically important not to abandon the older view entirely'.

At all events there is no doubt that decubitus is almost always absent

when sensory disturbances are wanting, that it occurs particularly in

total anaesthesia and pronounced paral3'8is of the sphincter, and that

even in these cases it may be almost entirely prevented bj' careful

treatment or even cured after it has once developed. Decubitus

is most frequent over the sacrum, then follow the tubera ischii, the

trochanteric region in the thighs, the popliteal space, and the shoul-

der blades. It is sometimes preceded by the development of large

vesicles filled with serum which look exactly like burns. These
may develop over night in places which have sustained mutual pres-

sure, for example, when the paralyzed and anaesthetic legs have lain
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one upon the other. Herpes zoster and pemphigus may also occur in

myelitis.

After a time the permanently paralyzed lower limbs usually be-

come markedly oedematous. At the same time the skin may be dry

and covered with scales, so that it might almost be called ichthyosis.

Both factors increase very much the resistance to the faradic current,

and this fact has led, in a number of cases, to the wrong opinion

that the electrical excitability was lost.

In the paraplegic limbs we have sometimes observed an unusually

rapid spread of phlegmonous inflammations ; in one case we found so-

called acute purulent oedema. At first the temperature of the skin in

the paralyzed limbs is usually somewhat elevated, later it is dimin-

ished. If the transverse lesion is complete, the secretion of sweat is

abolished in the territory below that which corresponds to the lesion

;

in that above the lesion it is very pronounced, and this relation may
be so distinct that it may even be utilized for local diagnosis. In

cases of incomplete transverse lesion the secretion of sweat is some-

times abnormally increased in the paralyzed limbs.

In myelitis of the cervical cord priapism may set in, probably as

a vasomotor symptom, but constant complete erection is rare; usually

the penis is semi-erect, but the erection may become complete

when an attempt at catheterization is made, and the latter procedure

is then attended with difficulty. Impotence is always present in the

first stage of myelitis, and it is permanent when the inflammation

is located in the lumbosacral cord; it may return at a later period

in cases of dorsal myelitis. Pronounced arthropathies are very rare

in myelitis, probably because the patient is compelled to lie in bed

on account of the complete paralysis of the legs, and is therefore

not exposed to injury. Dropsical effusions are observed, for example,

in the knee-joint. In other cases there is extreme dryness of the

joints with changes in the articular cartilages. With every passive

movement the joint creaks or it may even become stiff. If permanent

contracture sets in, the ligaments and tendons of the corresponding

joints become shortened and adherent. Passive motion is then no

longer possible. The foot is most often fixed, in this way, in the

position of pes equinus.

The affections of the bladdei-, renal pelves, and kidneys are also

included among the trophic disorders of myelitis. The remarks made
concerning decubitus hold good here. Although cystitis hardly ever

occurs without previous catheterization (perhaps with the exception of

cases of ischuria paradoxa), still it occurs so regularly, especially

in lumbar myelitis (when the catheter is used for some time it is

hardly possible to prevent it, even with the greatest possible cleanli-
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n'ess), that we are compelled to take into consideration a possible fail-

ure of trophic influences on the part of the cord.

If the myelitis is situated in the cervical cord, paralysis of the

phrenic nerve may cause death quickly from asphyxia.

Myosis and narrowing of the palpebral fissure are observed when
the lesion involves the first dorsal and adjacent segments. The oc-

currence of optic neuritis has been noted frequently in myelitis and

has been interpreted in various ways. It is certain that it does

not occur in a transverse myelitis which is confined to the cord.

We always have to deal with a coincident disease of the optic nerve

and the spinal cord, i.e., with a disseminated inflammation or at least

one which appears in several foci.

The general condition may suflfer very considerably in acute trans-

verse myelitis. Foudroj^ant cases, which have a tendency to spread

diffusely, are often accompanied by fever. Not so very rarely, and

particularly in Landry's paralysis, the spinal symptoms proper are

preceded by a prolonged stage of general disturbances, such as

malaise, anorexia, and slight fever. If decubitus and cystitis develop,

fever will always be present, sleep will be disturbed, and the nutrition

will be impaired. But if the inflammatory focus is small and its lo-

cation is relatively favorable, and if the development of these serious

complications is avoided, then the general condition will usually be

good after the acute stage has subsided.

The course of the disease may vary greatly, as is evident from

what has been said in the section on the pathological anatomy.

This is true of the very onset of the affection. In a series of cases

paraplegia—the most important and typical symptom—develops

acutely, not infrequently at night, so that it is unnoticed by the

patient, who does not become aware of his condition until he awakens

in the morning. In these cases, unless there are good reasons to the

contrary, we should suspect a vascular softening rather than a true

myelitis. In other cases the disease does not reach its height at once,

but several apoj)lectiform attacks occur and their effects are added to

one another to complete the clinical history. In other cases from a

few to many hours elapse before the paralysis is complete. At first

the patient merely feels a heaviness or tired feeling in the legs. In-

deed, this condition may disappear temporarily after resting, but it

soon returns. Then he is unable to stand erect, must lie down, and
the ijaralysis becomes complete. In cases which run a still slower

course and which should be called subacute rather than acute, the

I)aralysis begins iu one leg, ascends slowly in this limb, and then ex-

tends to the other limb. In such instances two to three weeks may
elapse before the paralysis is completely developed. There may also
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be remissions which border ou recovery, but these are always followed

by exacerbations. If, as rarely happens, there is no complete i3ara-

plegia but merely paresis of the lower limbs, it may still be i)Ossible

to move the toes while the thighs are entirely helpless, although the

paralysis of the legs almost always i)asses, as we have said, from

below upwards. This is i^robably owing to the fact that much less

power is necessary to move the toes than to move the thigh.

In the more slowly developing cases there may be considerable

pain and various pargesthesise, especially before the paralysis. The
remaining symptoms, the anaesthesia, paralysis of the bladder and

rectum, and trophic disturbances, follow the initial symptoms in an

equally variable manner.

The termination of acute transverse myelitis is as variable as are

the onset and course. It results quite often in death. This maj^

occur in a few days in the most acute cases, which spread rapidly, are

often attended with high fever, and in which so-called acute decubitus

sets in. These are the cases which were described by earlier writers

as acute central myelitis (myelitis generalis sen diffusa) and which

exhibit many points of resemblance to Landry's ascending paralysis.

In other cases the process does not spread so rapidly but it pro-

gresses uninterruptedly, finally reaches important centres, particu-

larly that of the respiratory muscles, and the patient dies of asphyxia.

In a third series of cases—the most numerous among the fatal ones

—

death results finally from the complications, such as cystitis and

pyelonephritis, decubitus, or from the general impairment of nutrition

(marasmus) . Lumbar myelitis is more unfavorable in this regard than

are other forms, because in it the bladder disturbances are usually

more pronounced.

In a large number of cases of acute myelitis a fatal termination

does not result. As a matter of course, the progress and termination

of the disease may vary greatly after the end of the acute stage. The
disease may continue permanently at its acme, i.e., a condition of com-

plete paralysis. This occurs most frequently in dorsal myelitis. We
then find paralysis of the legs, with contracture in extension, more

rarely in flexion, and greatly exaggerated reflexes. In lumbar myelitis

flaccid paralysis, muscular atroj)hy, and bladder disturbances remain.

But this flabby paraplegia is rare as a permanent sequela of myelitis

because the patients usually die. This is also true of the occurrence

of permanent paralysis of all four limbs in cervical myelitis. On
the whole a persistence of the disease at its acme is rare in those

cases in which life is preserved. In the writer's opinion this should

arouse the suspicion of a compressing factor, perhaps a slowly grow-

ing tumor of the meninges. After the acute stage has passed, at
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least in tlie large majority of cases of dorsal myelitis, a considerable

improvement soon occurs. The patients again learn to stand and

walk, at first with crutches, then without them. But the legs al-

ways remain weak and especially stiff, and are the seat of very

distinct or more latent contractures. The tendon reflexes exhibit a

clonic character, and the walk is either spastic-paretic, so that the feet

are dragged and scrape the floor, or it is purely spastic, at every step

the heel being lifted at once from the floor so that the gait becomes

somewhat dancing in character. These are the cases of so-called spas-

tic spinal paralysis, which are due, in the majority of cases, to multi-

ple sclerosis or to a dorsal myelitis which has run its course. In these

cases of myelitis we almost always find disorders of the vesical and

rectal functions and, on careful examination, disturbances of sensa-

tion. In the most favorable event the weakness and stiffness may
disappear almost entirely and then the increased tendon reflexes

alone remain. This is especially frequent in paraplegia due to spinal

caries, which is only apparently a myelitis. The termination in

complete recovery is extremely rare in acute transverse myelitis, but

it has been observed in cases which were clinically so diagnosed.

The expert who knows the remarkably slight tendencj^ of the cord to

recovery even in very mild affections will be inclined to believe in

an error in diagnosis in such cases. Usually they are due to a mul-

tiple neuritis or to caries of the spine. But, as we have already

remarked, there are undoubtedly cases in which we must finally ac-

cept the diagnosis of transverse myelitis, and in which recovery oc-

curs. Pick and Oppenheim have pointed out that the favorable cases

usually have a distinct infectious origin. We have observed a case of

transverse myelitis after measles which terminated in perfect recovery.

This completes the description of the clinical history of myelitis

in general, and we have already considered those varieties which are

characterized by the greater or less rapidity and malignity of their

course, by the more or less complete extension of the disease over

the transverse section. It remains to give a brief analysis of those

principal varieties of transverse myelitis which depend upon the

location of the disease along the longitudinal section of the cord.

We distinguish dorsal, lumbar, and cervical forms of myelitis. Only

the general types can here be given. In regard to the variations

which depend upon the exact site of the disease at definite levels,

we refer to the remarks made concerning tumors and injuries of

the spinal cord. The following refers only to those cases in which

the disease has involved at least the entire transverse section of one

segment, in other words, to that stage of the disease in which it has

reached its height.
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Dorsal Transverse 31yelitis.—This is the most frequent variety of

myelitis, probably because the dorsal cord forms the largest division

of the entire organ. In almost complete transverse lesion—the most
frequent event—there is complete paralysis below the site of the dis-

ease at first flaccid, then growing gradually sijastic. The contracture

is usually in extension, rarely a flexion contracture of the legs and
thighs is combined with adduction contracture of the thighs. The
latter cases have a much more unfavorable prognosis. The paralysis

of the limbs remains permanently flaccid in rare cases only (complete

transverse lesion). At the height of the disease flaccid paralysis and
degeneration reaction would necessarily develop in the muscles, but

this escapes observation in the intercostal muscles. In disease of the

lower dorsal cord, electrical disturbances may be demonstrated in the

abdominal muscles. At the height of the disease sensation is abol-

ished up to the level of the corresponding segment of the cord,

although the sensory disturbance in many cases does not extend

quite so high as the paralysis. A distinctly circumscribed zone of

hypersesthesia is rarely found in myelitis. There may be girdle

pains or girdle parsesthesise. In very acute myelitis the tendon
reflexes may be abolished during the first week (shock), but they

are soon restored, then increase and acquire the intensity to which
Brown-Sequard applied the term spinal epilepsy. It is also certain

that they may be permanently abolished in total myelitic softening

of the dorsal cord. At first there is usuall}^ retention of urine and
catheterization is necessary. Later incontinence of urine, ischuria

paradoxa, or involuntary evacuation of the bladder in gushes may set

in. If the disease pursues a favorable course, mere weakness of the

detrusor or increased and imperative desire is alone left over. The
bowels are very constipated and usually must be evacuated artificially.

The occurrence of bedsores is due mainly to the more or less distinct

anaesthesia and secondarily to the intensity of the bladder symptoms,
but with good nursing it may usually be prevented.

The disease may terminate fatally in the acute stage or from mar-
asmus; life may be preserved, all the symptoms persisting (rare);

or a spastic paralysis remains. Complete recovery is rare.

Lumbar Myelitis.—If the myelitis is total and extends over the

entire lumbosacral tract, there is paralysis of all the muscles of both
legs. The paralysis always remains flaccid, and is combined with

muscular atrophy and degeneration reaction. The anaesthesia extends

posteriorly to the crest of the ilium, anteriorly to a little beyond the

inguinal fold. The location of the pains corresponds to the upi3er

borders of the anaesthesia, but they may also radiate into the legs.

The tendon reflexes are permanently abolished. The bladder exhibits
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complete incontinence, and t-he functions of the rectum are performed

as in severe dorsal myelitis. On account of the severe bladder dis-

turbances decubitus is much more frequent than in dorsal myelitis

;

it is equally difficult to heal after it has once developed. Hence death

iu lumbar mj^elitis occurs more frequently and at an earlier period

than in dorsal myelitis. If life is preserved the flaccid paralysis,

vesical paralysis, and impotence persist. The ability to walk is never

restored. If the myelitis is confined exclusively to the lumbar cord,

flaccid paralysis vrith degenerative atrophy occurs only in the muscles

of the thighs ; the paralysis of the legs is not attended with atrophy

and may be spastic in character. The sensory disturbance has the

same distribution as in total.lumbosacral mj^elitis. The patellar re-

flexes are absent, but there may be ankle clonus. The bladder and

rectum show the same symptoms as in dorsal myelitis.

In pure sacral myelitis the muscles of the legs, the flexor cruris,

the glutei, and the peroneal muscles show flabby paralysis and

degeneration reaction ; the other nuclei of the lower limbs are un-

affected. The anaesthesia is confined essentially to the posterior

surfaces of the legs. The Achilles tendon reflex is absent, the patel-

lar reflex may be intact. There is complete paralysis of the bladder

and rectum.

On account of the shortness of the lumbar enlargement these

varieties—lumbar and sacral myelitis—are very rare in a pure form.

It is hardly possible that a myelitis could be confined to the conus

terminalis. It would be manifested by paralysis of the bladder and

rectum, impotence, anaesthesia in the region of the anus, perineum,

scrotum, penis, and the posterior surface of the thighs, perhaps by

degenerative paralysis in the distribution of the sciatic nerves.

Cervical Myelitis.—If the entire cervical enlargement is involved,

there will be flaccid paralysis of both arms with degenerative atrophy

of the muscles and degeneration reaction. The triceps reflex is abol-

ished. There is spastic paralysis of the lower limbs and trunk.

Sensation is abolished on the trunk as far as the second rib anteriorly

and the spine of the scapula posteriorly, the arms are completely

anaesthetic; the palpebral fissures and pupils are narrowed. If the

lower half of the cervical enlargement alone is involved, the move-

ments of the shoulders and elbow-joints are unaffected, the forearms

and hands are paralyzed. The anaesthesia affects the ulnar halves of

the arms and hands ; the pupils and palx)ebral fissures are narrowed.

If the inflammation is located in the upper half of the cervical enlarge-

ment, the upper limbs are completely paralyzed and anaesthetic, but

the muscles of the arm and shoulder alone are atrophic, while the

hands and fingers are contractured. In every case of cervical myelitis
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the respiration is very difficult, because all the intercostal muscles are

paralyzed; priapism is usually present. The prognosis of cervical

myelitis is much worse than that of dorsal myelitis.

Myelitis is most dangeous when it is located above the cervical

enlargement. The phrenic nucleus is affected at the fourth cervical

segment and asphyxia is then unavoidable, at least when the trans-

verse lesion is approximately total. If myelitis of the upper cervical

cord runs a slow course, the first symptoms may be degenerative

atrophy of the sternocleidomastoid and trapezius muscles with diffi-

culty of moving the head, while spastic symptoms are observed in

the arms and legs. True myelitis is very rare in this region.

In a few cases of cervical myelitis, when there is a very peculiar

localization of the disease in the transverse section, isolated paraly-

sis of the arms has been observed without paralysis of the legs, so-

called brachial paraplegia. As a general rule brachial paraplegia

indicates a disease of the roots of the brachial plexus outside of the

cord, and in these cases, as a matter of course, there is flaccid paral}^-

sis of the arms with degenerative atrophy. We cannot enter here

into a description of all the possible varieties which may be due to

partial disease of the transverse section. A few points have been men-

tioned above; the rest must be left to the physiological analysis of

the individual case.

Chronic Myelitis.

The description of so-called chronic myelitis may be very brief.

We agree entirely with Oppenheim, who believes that the majoritj'

of cases so called are really cases of multiple sclerosis, that a second

and smaller series of cases are due to the chronic spread of acute

myelitis, and that transverse myelitis, chronic from the beginning,

is a very rare disease, if indeed it occurs at all. But as some of

the most recent writers, for example Gowers, entertain a different

opinion and still regard chronic myelitis as a frequent disease, we must
defend our views somewhat in detail. They are based upon the his-

torical development of the doctrine of this form of myelitis in the

last few decennia. In 1878 Erb included tabes, multiple sclerosis,

primary sclerosis of the lateral tracts, amyotrophic lateral sclerosis,

and the combined system diseases in the category of chronic myelitis,

and differentiated these diseases from the primary form of myelitis,

in part for clinical and anatomicopathological reasons, in part for

purely didactic reasons. This author, on account of the imperfect

knowledge of the diseases at that time, also included among the va-

rieties of chronic myelitis many cases of syringomyelia and of chronic

peripheral neuritis. Pick made a much sharper differentiation of
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these affections. He knew that Hallopeau's peripendymal sclerosis

was really syringomyelia; he recognized chronic peripheral neuritis,

and differentiated from myelitis spasmodic tabes of the aged (De-

mange) as an arteriosclerotic affection. A part of the cases described

as chronic cervical myelitis he included in the category of hyper-

trophic cervical pachymeningitis. The diseases of the cord which

result from compression (tumor, caries) are not divided sharply by

him from inflammations proper. Pick reserves the term chronic

myelitis (he also recognizes its frequent development out of acute

mj^elitis) for chronic transverse myelitis, which may be confined to

small foci or gradually involve large portions of the cord, and the so-

called annular sclerosis (sclerose corticale annulaire of Vulpian) . We
will here discuss the latter affection.

In the majority of cases we have to deal with an inflammation which

penetrates the cord from the membranes or the cortical vessels, i.e.,

a so-called meningomyelitis. Rarely is there a primary inflammation

of these parts in the sense of the pseudosystematic combined sj^stem

diseases (Leyden and Goldscheider). It is also to be noted that the

entire cortical region is occupied by ascending as well as descending

degenerated fibres, so that if a small transverse focus in any part is

overlooked, the remainder of the cord may suggest a primary annular

sclerosis.

There remains only the chronic transverse (and usually very

diffuse) myelitis. This is said to have a tendency to spread gradu-

ally over the entire cord and then to extend into the medulla oblon-

gata. In by ho means a few cases of multiple sclerosis, in which life

is preserved for a long time, it is found that the foci coalesce to a

greater or less degree. In this way the picture of a very diffuse

sclerosis develops and in some sections this sclerosis is total. If at

the same time foci are present in the medulla oblongata or the spinal

foci gradually ascend to the medulla, the clinical history of multiple

sclerosis will naturally be produced. If the foci are confined to the

cord, as is not impossible, we find the clinical history of a chronic

myelitis (apart from the acute exacerbations), and indeed this is also

true from the anatomical standpoint. But there is no doubt that

such cases are very rare.

After all these considerations there are left, in the category of

chronic myelitis, only the chronic continuations of the acute form and

perhaps some very rare cases which we must, for the present, still

interpret as examples of primary chronic myelitis. As a matter of

course these cases do not differ materially in their clinical symp-
toms from those of acute myelitis, for each individual symptom may
occur in both forms. The slow course of the inflammation will give
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rise, in the main, to three peculiarities of chronic myelitis. In the

first place the individual stages described above will be divided more
sharply from one another. In particular, the stage of sensory and
motor irritative symptoms may continue alone for a long time before

paralytic symptoms make their appearance. In the second place the

inflammation is more apt to be confined for a considerable period to

individual parts of the transverse section and to give rise to cor-

responding clinical symptoms, for example, to spinal hemiplegia or,

as Gowers describes it, to Brown-Sequard's paralysis, or to the above-

mentioned brachial paraplegia. In the third place chronic myelitis

naturally begins with very slight symptoms which gradually increase,

while in acute myelitis the disease reaches its height at once and then,

if any change occurs, takes a turn for the better. As a general thing

pareses will continue for a long time in chroaic myelitis before real

paralyses develop. Sensation is often unchanged, and there is more

apt to be simple weakness of the bladder than paralysis. For these

reasons it is usually possible to prevent bedsores.

The general condition is almost always unaffected until the last

stage. At the end all the symptoms attain great severity and maras-

mus then sets in. The flexioa contractures, which are the source of

much annoyance in nursing, are more frequent in the final stage of

chronic myelitis than in the acute form.

The duration of chronic myelitis may be very great; the disease

often lasts ten years or more. Not infrequently there are remissions,

either temporary or permanent, and the disease may then continue

as so-called spastic spinal paralysis. True remissions probably

occur only in multiple sclerosis. In typical cases death is due to

implication of the cervical respiratory centres of the medulla oblon-

gata, or to complications. Recovery is impossible.

Landry's Paralysis.

We refer the reader to the remarks alreadj' made concerning

Landry's paralysis in the historical, etiological, and anatomicopatho-

logical sections of this article. Here we shall discuss only the cen-

tral form of ascending paralysis, disregarding the neuritic varieties.

This intention cannot be carried out strictly, however, because there

are often combinations of central and peripheral disease, and their

symptoms then enable us to recognize their mixed character.

We may repeat once more that in this paralysis the connection

between an infection and the spinal disease is usually very distinct,

and would recall Marinesco's extremely instructive post-moi^tem find-

ings in a case of this kind. In 1859 Landry described the clinical

course of typical cases, and his masterly description has been

Vol. XL—48
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changed but little hy subsequent observers. It is very characteristic

that the spinal sj^mptoms proper are usually preceded by a pro-

longed, ill-defined prodromal stage, Avhich lasted eight days in one of

the writer's cases. There is general malaise, with slight fever, ano-

rexia, and drawing pains in the limbs. The spinal symptoms begin in

the lower limbs, particularly in the feet. Paresis appears first in the

feet and gradually spreads upwards, followed by paralysis. The affec-

tion of the feet is followed by that of the legs and thighs, then of the

trunk and arms ; then notable disturbance of respiration and symptoms
of asphyxia set in, and the drama closes with disturbance in degluti-

tion, articulation, phonation, and the action of the heart. A short

interval usually elapses betAveen each successive invasion of the differ-

ent sections of the body. The paralysis does not always occur simul-

taneously in both lower extremities nor does it spread uniformly along

the limbs. The disease rarely extends farther up, although cases have

been described in which the facial nerve and ocular muscles were para-

lyzed. All the muscles mentioned are not paralyzed in succession

in every case ; it is not so very rare to find that some muscles escape

or are merely paretic. In other cases the disease progresses by
jumps. For example, it passes from the feet directly to the thighs,

trunk, and arms, leaving the legs intact. The paralysis is always

flaccid. The tendon reflexes are never exaggerated, in the majority

of cases they are absent. They are demonstrable in a few cases,

probably in those which run a very rapid course.

In typical cases the electrical excitability of the paralyzed muscles

is unchanged. This probably dejjends on the fact that, on account

of the rapid course of the disease, there is no time for the occurrence

of the degeneration reaction. Slight disturbances of electrical excita-

bility have, however, been observed in slowly progressing cases and

particularly in those which recovered; but distinct disturbances of

electrical excitability always indicate that we have to deal with the

peripheral neuritic form of ascending paralysis. Muscular atrophy

may also occur in such cases. Oppenheim has observed on several

occasions that, upon electrical stimulation of the peripheral nerves,

muscular contraction was produced early but did not increase with

increasing strength of the current

—

i.e., the miDimum and maximum
of nerve irritability lay close to one another. Perhaps this was due

to rapid exhaustion of the electrical irritability of the nerves.

The disturbance of sensibility is moderate but is often distinct.

Para3sthesi{e and slight im])airment of tactile sensibility are espe-

cially frequent at the extremities of the limbs. In one of the writer's

cases violent pains were also present, particularly in the prodromal

stage. In other respects the case was clinically pure, but the pains
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probably indicated a combination with peripheral neuritic proc-

esses.

In tlie absence of pronounced sensory disturbances bedsores

usually do not develop. Pronounced disturbances of tlie bladder

and rectum are absent in Landry's paralysis, although, slight disorders

of micturition may be present.

The sensorium is clear until the end, unless some febrile complica-

tion or asphyxia leads to unconsciousness. The patients are often

extremelj^ anxious, excited, and wakeful, especially after respiratorj'^

disturbances have set in. The organs of special sense are not involved.

The disorders of deglutition are the most severe among the bulbar

symptoms. Solid particles are swallowed better than fluids, which

usually regurgitate through the nose. The patient is always in danger

of suffocation during meals. The disturbance of articulation and
phonation may finally become so pronounced that the patient cannot

be understood. Vigorous coughing is impossible. Great interest

attaches to the fact that enlargement of the spleen is very often pres-

ent. In rare cases the disease pursues a descending course. It be-

gins at the medulla, then descends to the arms, but usually does not

reach the lower limbs on account of the early death of the patient.

We have already spoken of its progress by fits and starts, and would
merely remark in addition that, in cases which are evidently closely

allied, the process may begin simultaneously in parts remote from

one another—for example, the medulla oblongata, the cervical, and

the sacral cord.

The disease may run its course from the first spinal symptoms
to the fatal termination in a very short time (two to three days) ; in

other cases a few weeks elapse. In a third series of cases the disease

reaches a certain height (even severe bulbar symptoms may develop),

then it comes to a standstill, and regresses to complete recovery.

The favorable cases always arouse the suspicion that we have to deal

with the neuritic form of Landry's paralysis. This is assured when,

as frequently happens, we have observed pronounced disturbances of

electrical excitability, violent pains, and tenderness of the nerves.

Death may result from asphyxia, rarely from cardiac paralysis.

" Schluck" pneumonia often sets in or the primary infection per se

leads to the fatal termination.

Acute Disseminated Encephalomyelitis.

This disease (Leyden's acute central ataxia) is a myelitis with

numerous small foci in the cord, pons, and usually the cerebrum.

Westphal has described cases in which the foci were confined to the

cord. These, if the foci are so numerous as to produce distinct symp-
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toms, can harcll}^ be distinguislied from cases of simple transverse

myelitis. The characteristic feature of the clinical history is furnished

by the combination of bulbar sj^mptoms, perhai^s also of cerebral

symptoms, with those dependent on disease of the cord. These

cases alone will be discussed here in detail. Although the first

carefully observed cases were published twenty-five years ago, as is

shown in the historical rSsumS given above, and subsequently very

accurate clinical communications were furnished by Leyden concern-

ing his so-called acute ataxia, a knowledge of the disease has not

been diffused largely in the profession. This is onlj^ natural, because

even the latest and most complete text-books on nervous diseases

mention this affection cursorily or not at all. In fact, however, dis-

seminated encephalomyelitis possesses great practical importance.

In the first place it is, in our experience, more frequent than so-called

transverse myelitis. This is particularly true if we speak of mye-

litis only in cases which, etiologically, are i:>ositively recognized as

inflammatory (those which follow infectious diseases). Moreover,

these cases usually exhibit from the outset an extremely serious

appearance, while in many of them complete or almost complete

recovery ensues. Hence the experienced practitioner is enabled at

an early period to allay the fears of the family concerning the course

of the disease. As cases of this disease present some variations in

regard to etiology and symptomatology, we may best describe the

main features of disease by recounting the clinical history of a few

cases which have come under our own observation.

Case I.—Disseminated Encephalomyelitis after Varicella.—A girl,

aged 4 years. Varicella ten days after a sister had been attacked.

After the primary disease had been recovered from, the patient was
apparently well, but somewhat dull. March 5tli, 1892, on awaking in

the morning she was in same condition as at the present time (March
8th). Sensorium clear; answers all questions correctly. Speech is

typically scanning, nasal, and sometimes dysarthric; the beginning of

a word is often explosive. Movements of face, tongue, and eyes are

normal ; there is no nystagmus ; deglutition is good. In sitting, the
head shows tremulous rotatory movements, and vigorous shaking when
the patient fixes an object. Intention tremor is present on moving
the arms, but it is mixed with widely excursive ataxic movements.
When the patient is lying in bed there are vigorous ataxic movements
of the legs on attemi:)ting to get the patellar reflex and static ataxia of

the legs on rising from the bed. On attempting to hold the patient
erect, there is at first violent shaking tremor of the legs, then of the
trunk, arms and head, and unless supported she woiild fall at once.

There are true ataxic movements of the legs on attempting to walk

;

sitting is also impossible. The patellar reflexes are normal. March
13th, decided improvement. Speech good, only slight tremor of the
arms. Sitting again possible. March 15th, still typical intention
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tremor of the arms ; walking possible butwith tottering and stamping.
Tlie child is mentally very excitable. March 20th, slight tremor of
arms and hands; standing and walking good. Recovery soon be-
came complete and permanent.

Case II.—Disseminated Encephalomyelitis after Poisoning luith Gas
of Unknoivn Character.—An employee of a gas comijany, aged 43
years, while making ammonium sulphate became unconscious and
was found in that condition. The nature of poisonous gas could not
be discovered. After admission to hospital he was unconscious for a
few days, then slight consciousness, paralysis of the limbs. Dis-
charged April, 1892, ostensibly cured. According to statement of

the lodge physician, he was in the same condition as at present time
(June 3d, 1892) . Walk notably affected ; after sitting for a long time
the feet are first glued to the floor and the legs are dragged after him

;

gradually there is increasing tremor of the legs, which then extends
to the trunk, arms, and head, so that the patient would fall if not
supported. At the beginning of the tremor the heel is lifted from
the floor so that only the tip of the foot is in contact with the floor

(typical spastic gait). No Romberg's symptom, but there is the same
tremor of the entire body in standing as in walking. Very vigorous
ataxic movements on moving the legs in the recumbent position.

Paresis of the legs, no contracture. Extreme clonus of the patellar

and Achilles tendons; spinal epilepsy. Coarse intention tremor of

the arms, sometimes slight ataxic symptoms; tremor in writing;
paresis of the arms. Pronounced scanning speech, also tremor of

the face in speaking. Tongue normal; no nystagmus. Special
senses and intellect normal. Other findings normal. April, 1893,
material improvement in every respect. Gait at first spastic, later

marked tremor aud tottering. The legs are not dragged until the
close of a half-hour's examination, but are still paretic. Patellar and
Achilles clonus, but not so severe as before. On movements of the
legs in the recumbent posture there was no intention tremor as long
as the legs were held quietly in the air. Arms almost well, but dis-

tinct intention tremor in the left arm. Speech still scanning and
somewhat dysarthric. Slight tremor of the head. April, 1894,
very striking improvement. Gait at first normal, slightly spastic
after exhaustion. No tremor in walking or moving the legs in the
recumbent position. No patellar clonus; slight clonus of Achilles
tendon. Good power in the legs. Normal findings in the arms and
head. Speech still scanning. Patient resumed his work, but grew
tired very rapidly and soon abandoned it. At the end of April, 1894,
all the symptoms were again very severe. Gait exquisitely spastic;

spinal epilepsy. Strong tremor of left leg, not of right, in moving
in recumbent position. Improvement continued in the arms, and
soon returned in all other parts. In June, 1894, another relapse oc-

curred after an attack of diarrhoea lasting several days.
This patient's wife suffered from multiple sclerosis, as shown by

spastic paresis with tottering gait, intention tremor of the arms,
scanning speech, and slight disturbance. The course was chronic

progressive.

Case III.—Disseminated Encephalomyelitis after Scarlatina.—A girl,

aged 7i years. October, 1887, scarlatina without diphtheria; during
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its course there occurred sudden unconsciousness (impossible to ascer-

tain whether nephritis was ijresent), which lasted thirty daj's. Great
restlessness, delirium, tonic contractures of the arms and trunk. Then
consciousness cleared up, but complete aphasia set in ; the child ex-

pressed her desires by weeping. Pronounced, constant choreic move-
ments, especially of right side; bladder and rectum intact. Legs at

first completely paralyzed; arms could be raised somewhat with
marked ataxic movements. Gradual increase of power, but persis-

tence of ataxia. Christmas, 1887, sitting barely possible
;
pronounced

shaking of the head. Speech is gradually learned again. February
13th, 1888, intelligence good. No nystagmus or other ocular symp-
tom. Speech scanning and dysarthric. Slight cerebral paralysis of

right facial nerve. Left arm sti-onger than the right, which exhibits

distinct ataxia. Legs not paretic. Vigorous reflexes, no clonus.

Most marked ataxia of the legs on moving them in the recumbent po-
sition

;
gait ataxic and tottering, with forcible stamping ; walking pos-

sible only with assistance; standing possible with feet widely sepa-
rated. Sensibility intact. April, 1888, improved. Could walk a few
steps without assistance. In November, 1888, gait still stamping.
Distinct ataxia in right arm; writing done poorly. Speech scanning,
no longer dysarthric. April, 1890, gait somewhat uncertain, no dis-

tinct ataxia; nothing abnormal in hands and arms. Speech scan-
ning. Findings approximately the same in April, 1896.

The writer (Bruns) has recently observed another case, similar to

Case III., in a boy of two years after pertussis. Complete recovery

occurred. Here the choreic stage was especially distinct.

From these briefly sketched cases it is possible to gain a good

idea of the disease and its different varieties. From our own obser-

vations and those of others the following general statements may be

made concerning the symptomatology of disseminated encephalo-

myelitis : The disease almost always begins during or immediately

after an acute infectious disease or a toxaemia, and its frequent occur-

rence in childhood is explained by its close relations to the infectious

diseases. It always begins acutely ; in the first case above rej)orted

it began at night during sleep. In the majority of cases the symp-
toms of the first stage indicate a serious implication of the entire

central nervous system; these were in Case II. prolonged uncon-

sciousness and at first general i^aralysis; in Case III. uncon-

sciousness with restlessness and delirium. Then the unconscious-

ness gradually disappears and sometimes, as in Case III., a stage

ai)pears which reminds us at first of a severe chorea. Total apha-

sia may be present at this time (Case III.), and optic neuritis has

also been observed in several cases. In these severe cases it is

only after the lapse of weeks that the disease reaches the stage

which is most characteristic and from which the name acute

ataxia has been derived. But this does not always hold good.
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In a series of cases, for example in Case I., the severe cerebral

symptoms may be absent and tlie disease then begins, if we may
so express ourselves, with the second stage. According to Leyden,
the clinical history then exhibits the following typical symptoms:
(1) Ataxic movements of the legs or disturbances resembling intention

tremor, while standing, walking, or moving the limbs in the recum-
bent position; similar symptoms in the arms on making grasping

movements; severe tremor of the head. (2) Disorders of speech, of a

scanning, rarely of a dysarthric character. (3) Disturbances of intel-

ligence; these were absent in our cases, after the severe first stage.

To these we may add: (4) Not infrequently exquisite spastic

symptoms in the legs, more rarely in the arms, with correspond-

ing gait and often greatly increased tendon reflexes; and (5) as a

negative symptom the absence of all sensory disturbances, includ-

ing the muscular sense, and of all disturbance of the sphincters.

Westphal had already emphasized this point. As regards special de-

tails and variations in the course of the disease the reader is referred

to the above-mentioned clinical histories and to the writings of West-

phal and Leyden. It has been the custom—this is especially true of

Leyden—to apply the term ataxia to the motor disorders of dissemi-

nated encephalomyelitis. This term should be employed with reserve,

because the disorders are in reality very complicated and are composed
essentially of two factors, which may also occur separately. For ex-

ample, the gait may be exactly like the ataxic gait, as in Case III.

,

except that the tottering is still more marked than in tabes ; in other

cases the gait is more paretic. It is often typically spastic, so that

at every step there is an elevation upon the tips of the toes, and the

tremor, which finally attacks the entire body, at first is composed
solely of these contractions of the calf muscles. In the recumbent

posture the tremor predominates in movements of the legs, but ataxic

symptoms are by no means entirely absent. The symptom known as

static ataxia is especially apt to be present. In our cases the motor

disturbance of the arms consisted of almost pure, coarse intention

tremor ; the ataxic element was very slight. The latter predominated,

on the other hand, in Westphal's cases. This is also true of the

tremor of the head, which was exactly like that of multiple sclerosis.

Iq brief, we find most frequently a mixture of typical tremor and

ataxia, often also paresis. In other cases one of these symjjtoms may
occur singly. The writer cannot refrain from pointing out that, as

first noted by him, it is sometimes very difficult to distinguish ataxia

and intention tremor from one another. As the myelitic foci, particu-

larly those in the brain, may vary greatly in location in the individual

cases of this disseminated form, the symptoms, as a matter of course,
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will also vary. In some the tremor, in others the ataxia will pre-

dominate. Pure ataxia is rarer, as is shown by the absence of all

disturbance of the feeling of position.

As alreadj^ remarked, there was no disorder of intelligence in our

cases, apart from those seen in the severe initial stage. This distin-

guishes them from progressive jiaralj^sis, in which extreme tremor,

resembling intention tremor, also occurs. In severe cases the scanning

speech may develop from complete motor aphasia.

The course and termination vary greatly. Thus in Case I.

there was rapid and complete recovery ; in the bidefly reported case

following pertussis, recovery occurred after a long time. In other cases

(Case III.) certain symptoms remain permanently; this seems to be

especially true of the speech disturbances. In a third series (Case

II.) periods of improvement and relapse alternate. Death is rare,

outside of the first stage in which an accurate diagnosis is very

difficult, or it is the result of complications.

The clinical history, especially in the second stage, simulates that

of acute multiple sclerosis. Even in multiple sclerosis there may be

acute onset and exacerbations, but we usually have to deal here with

individual symptoms. Multiple sclerosis is not attended by the

violent onset of an affection of the entire nervous system. Neverthe-

less, Marie is inclined to assume a direct transition of acute dissem-

inated sclerosis into multiple sclerosis. It must be remembered,

however, that such a course has not been clinically observed and that,

as Leyden remarks, disseminated encephalomyelitis has no tendency

to further extension.

Diagnosis.

We will first discuss acute or subacute transverse myelitis. If the

clinical history sketched above develops in an acute or subacute

manner, it is especially characteristic in the grouping, succession,

and gradual extension of the symptoms, and the diagnosis of disease of

the spinal cord will be quite easy and comparatively safe. The only

difficulties (but they are often insurmountable) arise when we attempt

to make the diagnosis of a true inflammatorj^ affection—of a mj^elitis

in the stricter sense. Here the etiological factors are the most im-

portant in diagnosis. If an acute spinal paralj^sis develops after an

infectious disease or poisoning—all the above-mentioned diseases and
toxaemias and probably many others must be considered—then the

inflammatory character of the disease is quite certain ; and if there is

no doubt of its localization in the spinal cord, we can only have to

deal with a true myelitis. A difficulty in some cases resides in the

differentiation of transverse myelitis from multiple neuritis, inas-
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much as the latter is also especially apt to occur after infections and

intoxications. Such differentiation may be impossible in some cases.

This is evident when we remember that clinical observations show
the frequent combination of mj^elitic and neuritic paresis, and that

recent exact anatomical investigations have proven that the cord

rarely is entirely intact in multiple neuritis. Differential diagnostic

features may be presented by the entire clinical history and by

special individual symptoms. In the first resjject dorsal myelitis, for

example, presents hardly any diagnostic difficulties. It is true that

the tendon reflexes may also be exaggerated for a time in neuritis,

but contracture of the legs does not occur. As the latter symptom is

also found in cervical myelitis, this may be mistaken for a neuritis of

the brachial plexus, but only so long as the myelitis is confined to

the gray matter. Here pupillary and palpebral fissure symptoms
would favor the diagnosis of myelitis. It is often difficult, if not

impossible, to distinguish a neuritis of the lumbosacral plexus from

a lumbar myelitis. Features common to both affections are the

flaccid paralysis with atrophy and degeneration reaction of the

muscles, absence of the tendon reflexes, symmetry of the paraly-

ses, and perhaps their restriction to the lumbar or sacral plexuses.

As a general thing the initial pains in neuritis are more persistent

and violent than in myelitis, and tenderness of the peripheral nerves

to pressure is not present in myelitis. On the other hand, anaes-

thesia is barely indicated in neuritis, bedsores do not form, and

bladder disorders are extremelj^ slight. The differential factors

during the development and course of the disease are the following

:

while transverse myelitis often begins in an apoplectiform manner,

neuritis develops subacutely with the exception of rare cases ; in the

latter affection the paralysis begins a considerable time after the irri-

tative symptoms, especially the pains. The diagnosis is positive in

favor of myelitis when the disease begins, for example, with paralysis

of the bladder, which hardly ever occurs in neuritis. Recovery is

extremely rare in myelitis ; in multiple neuritis it is a frequent ter-

mination. Lumbar myelitis, which gives rise to especial difficulties in

differential diagnosis, almost always has an unfavorable termination.

Hence if neuritis can be excluded in an acute or subacute para-

plegic paralysis, and the etiological factors which enter into both

diseases are present, the diagnosis o£ true myelitis may be made.

The matter is entirely different and much more difficult when these

characteristic and causal factors are wanting. Here the greatest

difficulty is presented by the differentiation from hemorrhage and

thrombotic softenings of the cord. In hemorrhage the diagnosis is

still feasible. Extensive spontaneous hemorrhages, which resemble
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cerebral apoplexy, are very rare in the cord. The most frequent are

extensive traumatic hemorrhages confined to the gray matter. Here

the history of the case facilitates the diagnosis of a hsematomyelia

or perhaps a hsematorrhachis. In the latter event the pains and

rigidity of the back exhibit a severity which is rare in myelitis.

Much more important, but also much more difficult, is the differen-

tiation of acute myelitis from those vascular softenings which are

due in rare cases to embolism, and more frequently to thrombosis.

We have explained at sufficient length that these cases are frequent and

that, in particular, the so-called acute syphilitic myelitis is usually

of thrombotic origin. Thrombotic softening, dependent on vascular

disease, may also develop subacutely, when small vessels are slowly

occluded in succession. That the differentiation of these cases from

acute myelitis is not possible according to present notions is apparent

from the fact that the theory of myelitis is based almost exclusively

on the observation of such cases. We believe, however, that a correct

opinion will be reached if, in acute paraplegias of syphilitics, in

which all prodromes, especially pains, have been absent, we suspect

vascular softening. The termination will usually confirm the correct-

ness of this view, because in these vascular cases inunctions will

naturally prove as useless as in the analogous affection of the brain.

Lesions which compress the cord—caries, tumor of the spine, and

intravertebral tumors—are mainly apt to be mistaken for chronic mye-
litis. But the sudden sinking-in of the spine in cases of caries and ver-

tebral tumors, and the acute oedema in those of intravertebral tumors,

may give rise suddenly to paraplegias at a time when the true nature

of the primary disease is not clear. As a general thing, however, a

deformity will be demonstrable in diseases of the spine, and tumors

of the meninges will usually have been preceded by a protracted

period of root symptoms.

It is hardly possible to mistake acute myelitis for meningitis,

because clinically we scarcely ever find primary spinal meningitis,

and tuberculous and purulent forms, although they extend to the cord,

also involve the cerebral meninges and thus exclude the diagnosis

of myelitis. Syphilitic meningomyelitis may occasionally extend

acutely to the cord, but, as in tumors of the membranes, root sj^mp-

toms have usually been present for a long time. The diagnosis will

be decided by the history and the results of treatment.

Hysteria produces clinical pictures which are more apt to remind

us of chronic myelitis, but in rare cases a symptom complex may
develop acutely which may arouse the suspicion of myelitis—for ex-

ample, a S])astic paraplegia with contracture and increased reflexes.

It would carry us too far to mention all the differential features.
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Usually the etiological element in hysteria is psychical; the auges-

thesia which may be present exhibits characteristic boundaries ; the

contractures are excessive while the tendon reflexes are not so pro-

nounced; the clonus is not so protracted as in organic diseases; cys-

titis, decubitus, muscular atrophy, and degeneration reaction are

wanting. Hence the diagnosis of acute transverse myelitis is to be

made when etiological factors which favor inflammation attend the

rapid development of paraj)legic symptoms and multiple neuritis can

be excluded. If these etiological factors are lacking, the difl'erentia-

tion from acute compression is usually easy ; but that from vascular

softenings is difficult and often impossible. In syphilis acute vas-

cular softening of the cord is by far more frequent.

Everything has been said above concerning the segment diag-

nosis. It may here be mentioned that when the disease involves only

a part of the transverse section, the general as well as the segment

diagnosis of myelitis becomes difficult. The clinical pictures of other

specific forms of cord inflammation, for example anterior poliomye-

litis, or obscure symptom complexes will then be produced. As a

matter of course we cannot discuss all the possibilities.

Before making a diagnosis of chronic transverse myelitis, which is

an extremely rare disease, all other possibilities must be excluded.

The diagnosis of a chronic myelitis is most plausible when it follows

a disease which is positively known as an acute spinal inflammation.

If this is not true, we must exclude, on account of their relative fre-

quency, the chronic compressions of the cord, the most frequent of

which is that due to spinal caries. As a matter of course only those

cases need be considered in which the morbid symptoms on the part

of the spine are slow in developing. Such cases are by no means rare

and then nothing remains except to make a provisional diagnosis of

chronic myelitis. This is also true of the much rarer compression by

tumors of the vertebrae and spinal meninges and by pachj^meningitis

—

especially hypertrophic cervical pachymeningitis. All these diseases

will hardly be mistaken for myelitis when thej^ run a so-called classi-

cal course, but they may deviate so much from their characteristic

symptoms that it is impossible for a long time to distinguish them

from a simple chronic myelitis. In such doubtful cases it is always

important to examine the spine repeatedly for deformitj^ or local ten-

derness. For an account of the more special symptoms we refer to the

sections on caries of the spine and spinal tumors.

Among the diseases of the spinal cord itself the difterential diag-

nosis must take into consideration syringomyelia, so-called combined

system diseases, and, above all, multiple sclerosis. Syringomyelia,

which was formerly regarded as a periependymal or cavitary mye-
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litis, can be mistaken for myelitis onlj^ in cases in which (for

example, when the cavity is located in the dorsal cord) the clinical

symptoms consist in the main of a spastic spinal paralysis, and the

characteristic sensorj"^ disturbances are not distinct. The fact that

some cases of combined system disease cannot be distinguished from

chronic myelitis is evident from the statement of Leyden and Gold-

scheider that many cases are really instances of chronic myelitis ; their

S3'mptoms often exhibit the characteristics of a diffuse disease of the

cord. But generallj^ as Oppenheim has emphasized, multiple sclerosis

is wrongly regarded as a chronic myelitis. Every, observer, on careful

investigation, finds an increasing number of cases of multiple sclerosis

in which the first symptom developed acutelj^ and myelitis is then

readily excluded, especially when this first symptom, as so often

happens, was an inflammation of the optic nerve. But this does not

happen in all cases. An insidious slow onset and progress of all the

symptoms are also frequent in multiple sclerosis. A confusion with

chronic myelitis arises in cases in which, while foci are present in the

brain, they do not give rise to distinct symptoms, or when (as happens

in very rare cases) multiple sclerosis appears anatomically in the

shape of a diffuse affection which is confined to the spinal cord. In

all these doubtful cases we shall often hit the nail on the head by mak-

ing a diagnosis of multiple sclerosis rather than of myelitis. Chronic

syphilitic meniugomyelitis may be distinguished from simple chronic

myelitis by the previous history and the final outcome. In these cases

the disease is very rarely confined to the spinal cord and still more
rarely to one spot in the cord. The cases are much more frequent in

which the sj^mptoms indicate manifold foci, and usuallj^ in the brain

as well as the cord.

Formerly chronic multiple neuritis was often mistaken for chronic

myelitis; the reports of cases of chronic myelitis terminating in

recovery probabl}^ depend in part upon this mistake. The differen-

tial points in the diagnosis of acute neuritis and mj^elitis have been

given above, and mutatis mutandis they may be applied to chronic

cases. We have alreadj^ said that hysteria may also simulate a chronic

myelitis. Here the differentiation may be difficult even for the expert

;

the important factors have been mentioned under the heading of acute

myelitis.

Landnfs paralysis has such characteristic symptoms that its

recognition does not offer the slightest difiicult3^ It is difticult, how-

ever, and often impossible to distinguish the peripheral form of this

paralysis from the central variety. The termination in recover}^

almost always appears to be decisive in favor of the peripheral form.

In addition, a slow course, severe pains, and, above all, tenderness
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of the nerves on pressure favor the diagnosis of the latter variety

;

this is also true of atrophy and distinct electrical disturbances of the

muscles. After alcoholic excesses the peripheral form is undoubtedly

more frequent than the central.

Disseminated enceiDhalomyelitis also exhibits such a well-defined

character in its etiology, symptoms, and course that the diagnosis

may be called an easy one. In the first stage, however, with its

severe general and mental symptoms, a positive diagnosis may be

impossible. If we are brought face to face with the fully developed

symptoms of the second stage and know nothing of their mode of

onset, it is naturally possible to mistake the disease for multiple

sclerosis. If Marie were correct in his opinion that these acute forms

often pass into true multiple sclerosis, this would not be a mis-

take, but such a transition has not been clinically observed. Until

this is done it is better to regard disseminated encephalomyelitis as

a special disease which has no tendency to i)rogress and is distin-

guished from multiple sclerosis by the sudden onset of all the symp-
toms at once, following directly an infection or intoxication.

Cases of disseminated encephalomyelitis with impaired intelli-

gence may be mistaken for general paralysis. In the latter affection

the tremor may be as pronounced as in the former ; in not a few cases

paresis is mistaken for multiple sclerosis. In encephalomyelitis the

dementia is never progressive; the absence of syphilis also weighs

heavily against the diagnosis of general paralysis.

The extremely rare ataxia (pseudotabes peripherica) which is due

to neuritis, can hardly be mistaken for the central variety. As com-

plete restriction of peripheral neuritis to the sensory nerves hardly

ever occurs, careful observation will disclose muscular paralyses with

atrophy and electrical disturbances. Furthermore, the tendon re-

flexes are absent; the patients suffer from pains and anaesthesia.

All these symptoms are absent in disseminated encephalomyelitis.

In peripheral pseudotabes the disturbances in movement consist of

pure ataxia ; intention tremor is wanting. A feature common to both

diseases is their occurrence after infectious diseases and intoxications.

Prognosis.

The prognosis of acute transverse myelitis is very serious and

always doubtful. In many cases, perhaps in the majority, death

is the inevitable termination. This may occur in the acute stage,

soon after the beginning of the disease or only after prolonged suffer-

ing. The former event occurs particularly in the cases known as

myelitis acutissima in which the disease extends rapidly over large
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parts of the transverse and longitudinal sections of the cord. Cases

in which the paralysis runs an ascending course are especially

dangerous. If death does not ensue, the most varied terminations

are possible. Most frequently there is considerable improvement,

but this remains imperfect. It is rare that the disturbance of func-

tion remains the same as at the height of the disease, and still rarer

is the termination in complete recovery. More special data concern-

ing the prognosis of individual cases can hardly be furnished, indeed

it is scarcely possible to make a general prognosis in regard to life or

complete or incomplete restoration to health. The following general

viewpoints may serve as a guide in the prognosis : (1) The rapidity

of the development and extension of the disease
; (2) the level of the

lesion
; (3) the causal factor

; (4) the absence or presence of severe

complications, particularly decubitus. As a matter of course these

four factors cannot be separated sharply because they partly involve

one another. Let us examine these conditions a little more closely.

The acute onset of the disease has a bad prognostic significance,

when associated with rapid and diffuse extension along the transverse

and longitudinal sections. But if, on the other hand, the symptoms
indicate the affection of a small section of the cord, especially an in-

complete transverse section, the prognosis is relatively favorable when
the inflammation begins very acutely. In such cases the process

usually comes rapidly to a standstill, while the cessation of the pro-

gress can never be told when it spreads slowly and more subacutely.

The prognosis becomes much more serious, whatever the level of the

disease, if the entire transverse section is involved. In these cases the

sensory disturbance below the lesion is complete, so that the danger of

bedsores is much greater and the disorders of the bladder and rectum

are also especially severe.

In regard to the second factor, viz., the level of the disease, the

most favorable prognosis is offered bj^ cases of circumscribed and not

total transverse dorsal myelitis. In these cases, which are fortu-

nately the most frequent, the improvement is often \erj marked. So-

called spastic paresis is generally left over; the paresis and spasm
are often very slight and only the permanent clonus of the tendon

reflexes indicates the previous existence of myelitis. Usually, how-

ever, very slight vesical symptoms are also present.

In lumbar myelitis the vesical and rectal disorders are much more
pronounced and hence cystitis, witli its dangerous sequelae, and

decubitus are much more fre(]uent. Death usually occurs after a

comparatively short time, and in the rare cases in which life is pre-

served the paralysis remains flaccid so that the ability to walk is not

restored, as in dorsal myelitis.
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The most dangerous form is cervical myelitis. If it extends to

the phrenic nucleus and is, in a measure, transverse, so that the

thoracic respiratory muscles are paralyzed, death is inevitable. If

the patient escajies with life, atrophic paralyses persist in the arms

in addition to 8i)astic paralysis of the legs, i.e., the ability to work is

almost entirely abolished.

Important prognostic data are also supplied by the etiology. Pick

had remarked and Oppenheim strongly emphasizes the fact that cases

with an undoubted infectious etiology offer, on the whole, a relatively

favorable prognosis. He refers particularly to the good i)rospects of

recover}^ in gonorrhoeal myelitis (this is frequently a meningomye-
litis). A priori it is not improbable that the cases of myelitis will

correspond to the varying degree of danger of the primary infections,

the level and extent of the disease also being taken into consideration.

Thus, it is easily understood that myelitis as the result of tuberculosis

has a very serious prognosis. To the comparatively favorable course

of acute transverse myelitis after infections is probably due the fact

that cases attended with very severe pains usually permit a favorable

prognosis. The pains indicate a combination with neuritis and the

latter is especially frequent after infectious diseases.

As a matter of course the age and general condition of the patient

at the beginning of the disease exert a very considerable influence on

the prognosis. The tendency to a fatal termination is least during

childhood. Very great importance attaches to satisfactory nursing,

especially when death does not occur during the first stage, and a

long, severe spell of sickness follows. The third important prog-

nostic factor, viz., the complications (bedsores and cystitis) depends

mainly upon the nursing. The latter determines whether these com-

plications will develop or, at least, whether they will attain a degree

which threatens life.

The prognosis of chronic myelitis is more serious than that of the

acute form, because the disease almost always advances uninter-

ruptedly and finally destroys vital centres or leads to death from

marasmus. A standstill occasionally occurs and then the prognosis

depends upon the amount of destruction in the cord. Termination

in recovery should always arouse the suspicion of a wrong diagnosis,

particularly of confusion with neuritis or with compression of the

cord in cases of spinal caries.

Landry's paralysis with central localization almost certainly

proves fatal. The diagnosis is a sentence of death. We should give

a cautious prognosis, however, because the differentiation of central

from peripheral ascending paralysis is not always possible and

recovery often occurs in neuritis.
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On tlie other hand the prognosis of acute disseminated encephalo-

myelitis is very favorable. Here we must consider the usually dis-

tinct infectious etiology and also the fact that the disease generally

occurs in youth, often in childhood. Death occurs, if at all, in the

first stage, which is obscure in regard to diagnosis. Complete

or nearly complete recovery is frecjuent, but there is a tendency to re-

lapses. Here also the prognosis of the nervous disease may corre-

spond to that of the primary infectious disease. I observe com-

plete recovery after varicella and pertussis, and partial recovery after

scarlatina. As a matter of course, the extension of the disease must

also be considered. The prognosis would be different if these cases

often passed into multiple sclerosis, but this sequence has not yet

been proven.

Treatment.

The treatment of acute transverse myelitis naturally is divided

into two sections : (1) The treatment of the disease during its develop-

ment and at its height; and (2) the treatment of the period of con-

valescence and of the permanent sequelae. As the treatment of the

second half of acute transverse myelitis is hardly different from that

of the primarily chronic form, it will be discussed later in describing

the treatment of the latter affection, and we shall confine ourselves for

the present to the consideration of intervention in the first stage of

acute transverse myelitis.

Is there a prophylaxis of acute myelitis? This can only proceed

from a knowledge of the etiological factors. We know that the

disease occurs mainly after infectious diseases and intoxications.

The prophylaxis would then be directed towards minimizing these

two causes as much as possible ; in regard to intoxications, this sub-

ject possesses intimate relations with the hygiene of trades and

foods. Moreover, as the possibility of an invasion of the spinal cord

is present in almost all infectious diseases, the greatest caution must

be exercised in these diseases. For example, the patients must be

warned against bodily exertion during convalescence, inasmuch as

this may possibly convert the cord into a locus minoris resistentia\

Formerly the abortive treatment of myelitis was much discussed,

and Erb and Gowers still mention it. As a matter of course it is

impossible in very acute cases, while in those which begin more sub-

acutely it may possibly be useful if employed very early. But the

question arises whether any remedies can prevent a myelitis which
is already developing, and then again who would venture to make a

positive diagnosis of myelitis at such an early stage? Hence we
possess no means of judging of the value of the treatment adopted,
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and, if the latter should be followed by recovery, we would often be

justified iu excluding myelitis. For all these reasons we may employ

in abortive treatment only such measures as cannot, at least, do any

harm. The best measure would be diaphoresis with hot packs, as

we are justified in assuming that a favorable efi'ect may be produced

by vigorous diai)lioresis in infectious diseases.

At the height of the disease the main object of the physician

should be to secure the best possible care of the patient. This is not

a trifling matter. By a careful sux)ervision of all details, even those

of an apparently trifling character, the physician can often do much
service, and above all he can prevent harm. From the very beginning

of the disease the x>atient requires rest in bed; at the height of the

disease this follows of itself. The rest in bed must be carried out

strictly, and the patient may not be removed even to attend to the

wants of nature. The arrangement of the bed itself is very important.

Upon a spring mattress is placed a hair mattress which, for conveni-

ence of removal, should be made of several parts. Upon this is

placed a linen sheet, and then a large waterproof cloth. The middle

and lower parts of the patient's trunk are placed from the start upon

a large water bag, over which is spread a linen cloth. The pillows

should also be made of horsehair. Folds in the bedding should be

carefully avoided. When possible two beds should be kept in readi-

ness, so that he can be placed in the second one when the first one

is made up or when it has been soiled. It is also very comforting

to the patient to be placed iu a fresh bed at nightfall. If two rooms

are at our disposal the beds should be placed on castors so that they

may be easily rolled from one room into the other. The patient

should not constantly occupy the same position in bed ; he should be

changed from the back to one side or the other and, if possible, oc-

casionally to the abdomen. These recommendations alone will often

suffice to avert the greatest danger to the life of the patient, viz., bed-

sores ; in addition, the most scrupulous cleanliness is necessary. The

cleanliness is interfered with to the greatest extent by the frequent

disturbances of the vesical functions. More rarely the rectal disturb-

ances act in this way. The most careful attention is necessary

because, in the most severe cases, the patient himself does not notice

the soiling ; when this takes place the patient and the bed should be

cleaned at once, if possible. This is best done by keeping a bath-

tub in the sick-room. The patient is placed in the tub, washed, and

the bed arranged at the same time. The soiling of the bed with

urine may often be kept within certain limits. If there is weakness

of the detrusor, the catheter should be used at the proper time when

there is complete retention of urine. This also holds good in incon-

VoL. XI.—49
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tinence because the bladder contains a good deal of urine in cases of

iscliuria paradoxa, and after its evacuation the incontinence often

ceases for a time. In the severest cases of vesical paralysis when the

sphincter vesicae can retain even small amounts of urine for a brief

period only and the urine is escaping almost constantly', artificial urin-

als, into which the penis is placed, may be employed in males in order

to prevent continued wetting of the bed. It must be remembered,

however, that in such cases decubitus develops not infrequently upon
the glans of the ansesthetic penis or oedematous prepuce. These

accidents should be guarded against by placing cotton between the

glans and urinal and frequently changing the cotton. Good urinals

have not yet been constructed for women. It is best to place between

their thighs large pledgets of cotton or pillows of moss, and to renew

them frequenth^

Soiling with faeces generally occurs only ever^^ few days, because

there is usually constipation and great dryness of the fssces. It may
often be prevented entirely by the regular removal of the hard faecal

masses either manually or by means of injections.

Alcoholic lotions for the back are very popular among the laity.

At all events they do no harm, especially when the patient is other-

wise kept clean.

It must be conceded, however, that decubitus cannot always be

prevented, despite the careful employment of these measures. When
decubitus has developed, it is best to ax)i)ly borated or iodoform oint-

ment several times a day and also after each soiling, until the gan-

grenous parts have been exfoliated; when the granulations are

exposed nitrate of silver ointment may be used. With careful atten-

tion in cases in which the disease in general has a tendency to

improve, we may often cure deep bedsores or at least prevent their

extension. We shall then not be apt to observe the very grave cases,

for example, those attended with erosion of the vertebral column.

Next to decubitus the life of a patient suffering from myelitis is

most threatened by cystitis and its secjuelas, pyelitis, nephritis,

and uraemia. If a patient suffering from ischuria paradoxa and incon-

tinence of urine is not properly cared for, cystitis will inevitably

develop. The urine must be evacuated artificially, usually with the

catheter. Everything depends upon the most scrupulous cleanliness

of this instrument. Metallic catheters should be passed through an

alcohol flame immediately before they are used; elastic catheters

should be kepi constantly in three-per-cent. carbolic-acid solution.

Irrigation of the anterior part of the urethra is also indicated before

catheterization, in order that infectious germs may not be pushed

from this i)art into the bladder. We believe, however, that in long-
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continued paralysis of the bladder, when catheterization is necessary,

cystitis can liardly be prevented. When the bladder can be expressed

this manijjulation is accordingly indicated.

A cystitis which has developed may be relieved by irrigations

of the bladder with four-per-cent. boracic acid. Mineral waters, such

as those of Wildungen, Bilin, and Vichy, may also be given, especially

if nephritis is threatening. On account of the increase in the amount
of urine the use of these waters will still further increase the difficul-

ties in nursing.

The x^atient should be well nourished, but as a matter of course

we must avoid food which is difficult of digestion or excessive in

amount. On account of the cystitis, beer, wines, and spices should

be avoided.

Only the well-to-do can be cared for properly at home; other

imtients should, in their own interests, seek admission to a hospital.

In regard to more active therapeutic x^rocedures, the first recom-

mendation is nil nocere. In former times, particularly in France,

much reliance was x)laced ux^on so-called antiphlogosis. The inflam-

mation was to be relieved by the axDplication of ice to the spine, of

Chax)man's ice-bag, or by derivative measures, inunctions of gray

ointment or ax^x^lication of iodine, cux-)S, or the vigorous use of the

actual cautery. The effect of all these measures is problematical,

and the more vigorous ones among them must certainly be discarded

because they directly invite the danger of decubitus. We would be

most inclined to use inunctions of gray ointment, esx^ecially if there

were any susx^icion of syx)hilitic meniugomyelitis. We have already

expressed our ox)inion concerning the use of diax^horesis. As a matter

of course,- this may be emx^loyed not alone as an abortive measure but

also at the height of the disease.

Not much can be exxiected from medicinal remedies in myelitis,

and, unless there are x^ositive indications for quinine, it is best to

discard them entirely. If the slightest susx^icion of syphilis arises,

Xjotassium iodide or, better still, mercury must at once be adminis-

tered vigorously. It must be remembered, however, that "acute

syx^hilitic myelitis" is almost always a vascular softening, and that

restoration of the parts destroyed by the softening cannot be attained,

at the most we can only prevent the further extension of the disease

of the vessels.

In the acute stage hot baths, especially steam baths, should be

avoided; warm baths may act favorably. The emx^loj-ment of elec-

tricity in the acute stage of mj^elitis is a useless annoyance.

The pains must sometimes be relieved symx^tomatically, and since

they do not last long in myelitis we need not hesitate to use mor-
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phiue. Sodium salicylate may also be tried. The muscular twitcliings

ill the legs are often very distressing aiid can liardly be relieved.

Warm baths perhaps are most useful. Hypnotics must sometimes

be employed.

It is evident that the prospects for therapeutic successes in acute

myelitis are not very promising. Complete recovery occurs in rare

cases and more frequently there is very considerable imi^rovement,

but we would be inclined to attribute these favorable terminations

rather to the vis medicatrix naturce. We are satisfied when careful

attention places the patient in the most favorable position for the

healing action of nature. As a matter of course, still less can be

expected from the treatment of chronic myelitis. It is charac-

teristic of this disease to progress uninterruptedly and finally to

prove fatal by the destruction of vital centres. Nevertheless, we may
not idly fold our arms but must employ all measures which may
bring any relief to the patient or which offer any hope of effecting

an arrest of the disease.

In the treatment of chronic myelitis as well as the convalescent

stage of acute myelitis, we lay chief stress on a number of physical

methods, balneotherapy, hydrotherapy in the stricter sense, and elec-

trotheraphy, the latter in combination with gymnastics and massage.

We may remark here that the credit enjoyed by these methods of

treatment must be attributed to the results obtained in the convales-

cent stages of acute myelitis rather than in chronic myelitis proper.

Erb has made the most extensive and critical study of balneotherapy

and hydrotherapy in myelitis, and we merely rei)roduce here his

statements. He advises against the use of indifferent thermal waters

;

those which have a high temperature are directly dangerous, particu-

larly in recent cases and in old ones which have a tendency to exacer-

bations. Much more favorable are the results with cool, carbonated

baths, for example, in Oeynhausen and Nauheim. These baths may
not be too cool nor their duration too long and the amount of carbonic

acid should not be too great. Sea-bathing is to be recommended only

for very vigorous individuals when recovery is practically complete.

Erb has a very favorable opinion concerning hydrotherapeutic meas-

ures in myelitis. Only mild forms may be used—simple packs, half

baths, and sitz baths. Very low temperatures, vigorous douches, and
protracted a] )])lications are to be avoided. The water cure should not

be continued too long Avithout interruption. It is ])referable to rei)eat

it after a while. An essential element in the water cure is the increase

in the. appetite and the stay in tlie o])en air. In view of a very dis-

agreeable personal experience, we regard steam baths as directly dan-

gerous in chronic myelitis.
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Tlie hopes wliicli were formerly i)laced in the electrical treatmeut

of chronic myelitis were greatly exaggerated. To-day there are

probably very few neurologists who believe in the direct action of

electricity upon the diseased spinal cord. Nevertheless, direct gal-

vanization of the spine is the best method, because it is at all events

innocuous. We must advise against faradization of the paralyzed

parts, if they are coutractured, because this may give rise to annoy-

ing spasms. In like manner galvanization should be ai)plied very

cautiously upon anaesthetic parts, on account of the jiossibility of

producing excoriations. The flaccid paralyses of lumbar mj^elitis

nasLj be directly treated with electricity—preferably with galvanism—

•

but we are hardly justified in attributing favorable results to this

treatmeut. A favorable action upon weakness of the bladder is some-

times exerted by vigorous direct galvanization of the vesical region,

with interruptions and changes of polarity.

Massage and mild gymnastics are advisable when, as happens
chiefly in dorsal myelitis, the patient is again able to walk and suffers

only from spastic paresis. Great caution is necessary, and above

all exhaustion must be avoided, because this is apt to produce a

relapse. Short walks with frecjuent periods of rest are the form of

gymnastics best adapted to the patient, from a mental as well as

physical point of view. Mercury and potassium iodide maj'^ be

employed whenever the slightest indication exists. A trial of ni-

trate of silver is also allowable. In the convalescent period of acute

myelitis, tonics, such as iron, quinine, cod-liver oil, and arsenic, are

indicated, and particularly nourishing food. The patient should be

in the open air as much as possible. The treatment can best be

carried on by a trip to a well-conducted sanatorium in a mountainous

region.

Complications, such as decubitus and cystitis, are treated in the

same way as in acute myelitis. We must be more careful in the

administration of morphine to relieve pain, because as a matter of

course the danger of producing morphinism is greater in chronic

cases.

In Landry's paralysis of a central character vigorous diaphoresis

is indicated. On account of the danger of "schluck pneumonia,"

special consideration must be paid to the disorders of deglutition.

Diaphoresis is also indicated in the acute stage of ence]yhah-

myelitis. The proper nursing of the patient is sometimes rendered

difficult in this stage on account of the delirium. The severe choreic

movements may give rise to injury, while the danger of decubitus is

less because anaesthesia is generally absent. In the cases which

rapidly run a favorable course, nothing need be done at a later
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period. When the convalescence is delayed, the treatment is the

same as in other forms of myelitis.

ABSCESS OF THE SPINAL CORD.

Circumscribed collections of pus, at least those of some size, are

extraordinarily infrequent in the spinal cord. Ullmami in 1889 was

able to find only five cases in the literature in addition to the one

reported by himself, and two of these would seem to be rather doubt-

ful. Since that time only a very few isolated cases have been

observed (Eisenlohr, Schlesinger, Sternberg, Homen). The prac-

tical importance of abscess of the spinal cord is for this reason very

slight, and it will be seen to be still less when we come to inquire

into the etiological conditions of its occurrence. Grave injuries of

the spinal cord come first into consideration, and here we have to

deal with cases in which there is an extensive injury of the spinal

cord, following fracture or luxation of the vertebrae. Probably

always infective germs enter the spinal canal through some lesion of

the skin made at the same time, and w^e nearly always find in conse-

quence a purulent meningitis, upon which the occurrence of an

abscess in the spinal cord depends. As, however, the destructive

lesion has already totally abolished the function of the cord at the

injured si^ot, an abscess occurring later at the same point cannot

cause the appearance of any new symptoms. The prognosis in

such cases will also hardly be modified by the formation of an

abscess.

Metastatic abscesses of the spinal cord have been observed, as in

the cases of Nothnagel, Eisenlohr and Homen, in which multiple

abscesses in the brain and spinal cord, accompanied by meningitis,

were caused by a i)utrid bronchitis; also in the case of UUmann,
which in all probability rei^resented a metastasis of a gonorrhoea,

and which also was complicated with a meningitis in two cases of

Schlesinger and in one of Sternberg, which latter was due to a puru-

lent cystitis. Finally, numerous small abscesses in the cord have

also occurred in i^yaemia by way of metastasis. Thus we see that

the abscesses occur almost exclusively as complications of other, in

themselves fatal affections. The abscess is furthermore nearly

always complicated with a meningitis.

Small purulent collections may also occur in the cord in the course

of cerebrospinal meningitis. They may not i)roduce any special

clinical symptoms, and are practically of no importance.

It is of interest to note, as Gowers points out, that the so-called

myelitis very rarely leads to abscess formation. It is possible that
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most cases of this so-called inflammation of the spinal cord are in

truth not inflammatory at all.

Spinal-cord abscesses may be single or multiple, the latter being

the rule in cases of metastasis. When the abscess is single, the cord

is seen to be enlarged at the point where it is located; it is usually

situated centrally. On section a greenish, -fetid pus exudes. In

those cases in which white pus is spoken of, the condition was prob-

ably one of simple softening only. The abscess has no enveloping

membrane, but the pus is found free in the substance of the cord,

usually occupying the greater part of its thickness. The pus con-

tains remains of disintegrated nerve tissue. The wall of the abscess,

which may consist of nerve tissue, of course presents marked signs of

inflammatory swelling, with broken-down fibres, numerous blood-

vessels, and leucocytes. A purulent meningitis is nearly always

present; in Homen's case, however, it was absent.

The symptoms of an abscess of the spinal cord must be those of an
abolition of the functions of a whole cross section of the cord, of

sudden onset, accompanied by fever, and rapidly extending; occa-

sionally the symptoms may indicate the presence of multiple ab-

scesses. As death usually occurs rapidly, many of the symptoms,

which otherwise indicate with more or less certainty the location of

a lesion in the spinal cord, will be less distinctly marked. Thus, the

tendon and skin reflexes will be absent wherever the seat of the lesion

may be, and grave paralysis of the bladder and the rectum will be

present. Bedsores will be rapidly produced. More definite con-

clusions may be drawn from the extent of the paralysis and the

height of the lesion ; the course of the affection is usually too short

to allow for the appearance of distinct muscular atrophies, which
are so important for segment diagnosis. When the seat of the

lesion is in the lower cervical region of the cord, contraction of the

pupil and narrowing of the palpebral fissure may also occur. Puru-

lent meningitis, which, as we have seen, is a nearly constant compli-

cation, will declare itself by violent radiating pains and stiffness in

the back. The symptomatology will of course be materially modi-

fied by the underlying cause of the abscess.

A diagnosis is impossible in those cases in which the abscess oc-

curs in a segment which has been severely contused by the original

injury, especially when a purulent meningitis is also present. In

like manner it will of course be impossible to diagnose small puru-

lent collections in cases of primary purulent meningitis. A diagno-

sis is possible, and has been positively made by Nothnagel, when the

symptoms of an excessively acute transverse myelitis appear in a

case in which we know of the existence of a primary purulent col-
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lection, which might eveutnall^' lead to the production of distant ab-

scesses by metastasis; it will become more probable when other

symptoms of pysemia are also present, and it becomes most probable

when the primary ijurulent focus is a putrid bronchitis or perhaps a

purulent cystitis, as these two affections seem to have a particular

tendency to metastases- in the nervous tissues. As in abscess of the

brain, so also here the main point in the diagnosis is the demonstra-

tion of the primary abscess.

The prognosis is absolutely bad. Death always occurs. In most

cases the primar^^ disease is fatal in itself, the abscess of the spinal

cord and the purulent meningitis serve only to hasten the end.

There is no treatment of spinal-cord abscess that will avail. In the

case of a metastatic abscess we might possibly evacuate the pus, but

when such a diagnosis is possible, an incurable primary lesion is

usually present, as well as other non-operable metastatic abscesses.

Furthermore, as has already been said, the localization of an abscess

in the spinal cord is peculiarly difficult, and the metastases in these

cases especially are frequently multiple. Even in the unlikely event

of a complete evacuation of the spinal abscess, any marked improve-

ment in the symptoms could scarcelj^ be hoped for.

SYPHILIS OF THE SPINAL CORD.

Syphilis, as it occurs in connection with the spinal cord, may be

either extraspinal or intraspinal. The extraspinal origin is the more

rare. It presents itself in the form of a syphilitic disease of the

bones, generally a periostitis gummosa of the spine, followed hj ca-

ries and necrosis of the bone, and finally by involvement of the spinal

meninges and of the cord itself.

Intraspinal syphilis has various forms. The chief type is syphi-

litic meningitis or meningomyelitis spinalis. The disease begins in

the dura mater with the formation of syphilitic granulation tissue and

specific disease of the vessel walls. In its further course the affec-

tion extends laterally through the spinal cord and causes a transverse

m^^elitis. But this latter form, transverse myelitis, may arise pri-

marily, i.e., without passing through the meninges. It is then prob-

ably due to specific vascular changes.

Isolated syphilitic affections of individual spinal tracts are doubt-

ful. A special form of lateral sclerosis, which is said to depend upon
a primary syy)hilitic infection, has been described by Erb. And,

finally, the syphilitic infection may find expression in the form of

gummata of the spinal cord.

All of these affections are directly connected with the infection of
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syphilis, and may cousequently l)e regarded as direct seqiielse of it.

Not so with the indirect serjuels of syphilis of the cord, wliich jH'ob-

ably dei)end rather upon the morbid products of syphilis, and are

therefore with i)ropriety called metasyphilitic processes. The type

of these is tabes dorsalis.

Syphilis of the si)inal cord may also a])i)ear as a jjart of general

syphilis of the central nervous system, lues cerebrospinalis.

SYRINGOMYELIA.

There is probably no affection of the spinal cord which has been

more thoroughly studied of late years than syringomyelia, and our

knowledge of this singular disease has been corresponding!}' in-

creased. Although as recently as 1878 Erb could say in his text-

book of diseases of the spinal cord that " at present there are no

means of making the diagnosis of syringomyelia during the life of the

patient, we can only make vague suppositions regarding it," at the

present time a series of well-defined symptoms enables us to diagnos-

ticate the disease with certainty.

Etiology.

The etiolog}^ of syringomyelia is still absolutely unknown. In

the majorit}^ of cases there is probably an anomalous embryonic de-

velopment, which in later years results in syringomyelia uninfluenced

by external causes. Occupation has nothing to do Avitli it. Overex-

ertion, especially of the hands, is also of very doubtful etiological im-

portance. Yet trauma is not to be absolutely rejected as an accessory

cause, although it can only develop the tendencj' to the disease which

is already present—it cannot cause the disease itself. Falls and

blows upon the back, and, recently, injuries of the hands, and espe-

cially of the fingers, often of a quite trivial nature-

—

e.g., punctures

by small splinters of wood or metal—have been reported as exciting

causes. Occasionally infectious diseases seem to initiate the affec-

tion. Thus, cases have been described in which the disease devel-

oped as a sequel of typhoid fever, scarlet fever, measles, articular

rheumatism, intermittent fever, pneumonia, or pleurisy. Finally, it

should also be mentioned that the first symptoms often appear after

childbirth, although we are not justified in inferring any etiological

connection of this process with the disease. Chronic alcoholism and

syphilis, the two factors which play so prominent a part in the cau-

sation of other nervous diseases, need hardly be considered in the

case of syringomyelia.
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An inherited tendency to tlie disease seems never to be present.

With respect to the sex of the patients, the majority appear to be

males, but statistics naturallj^ vary somewhat according to the class

of patients observed by each author. The age in which the disease

first appears is most frequently between the eleventh and the thir-

tieth year. Cases are very rare after the sixtieth year. Schlesinger

found the age in one hundred and ninety cases to be as follows

:

Males. Females.

1 to 10 years 4 1

lltoSO " 36 8

21 to 30 " 53 25

31 to 40 " 30 12

41 to 50 « 4 7

51 to 60 " 3 3

Above 60 years 3 1

133 57

In women the disease appears to begin late in life more frequently

than in men.

Pathological Anatomy.

Anatomically, syringomyelia is a formation of cavities within

the spinal cord, which cause the organ to resemble a pipe {aupiy^),

whence the name. This process of the formation of cavities may
affect the central canal, resulting in a progressive widening of the lat-

ter—the disease then being called hydromyelia; or the cavities are

formed independently of the central canal at the outset—syringomye-

lia in the narrower sense of the word. Cases of ,true hydromyelia

will not be further considered, since they present either no clinical

symptoms or such as are absolutely incapable of diagnosis.

Syringomyelia in the narrower sense of the word consists in the

formation of cavities, which develop with especial frequency behind

the central canal in the gray commissure, and from this jDoint extend

laterally in an irregular way. The cavities involve by preference the

posterior coruua and columns, and occasionally attack also the ante-

rior cornua in the anterior columns, but almost never the lateral col-

umns. The form and size of the individual cavities are as irregular

as their distribution ; the transverse section is therefore quite unsym-
metrical. The cavities are of the most various forms, sometimes cir-

cular, sometimes oval, sometimes a long fissure. Their breadth va-

ries as greatly. It is generally between 1 and 10 mm., but there are

cavities in which one could insert tlie tip of the little finger. The
ca\'ities are generally filled witli a turbid fluid, so that before the spi-

nal cord is incised a true fluctuation can be produced. They are
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always separated from tlie lioaltliy tissue by a firm, hard membrane.

Their interior is lined with e[)itlielium. Occasionally it can be

demonstrated that several small cavities have united to form a single

larger cavity ; not infrequently, too, some of the cavities become con-

nected with the central canal.

The whole spinal cord and even the medulla oblongata may be

attacked by the disease. Its favorite location is, however, the cervi-

cal cord; the process almost invariably begins there.

What is the origin of these cavities ? Without discussing the

differences of opinion of the various authorities, we may state the re-

sult of such investigations as have been made up to the present time

to be that the cavities may originate in either of two ways : 1. From
a congenital malformation of the central canal; 2. From proliferation

and subsequent destruction of the neuroglia. The latter condition is

called gliosis or gliomatosis. Occasionally both modes of origin

are combined.

There are certainly cases which originate from a simple hydromy-
elia, i.e., from an embrj^onic dilatation of the central canal, in conse-

quence of disturbances in the process of its obliteration or in conse-

quence of a constriction of the cord posterior to the central canal.

In other cases, the primary factor is a proliferation of the glia,

which proceeds generally from the vicinity of the central canal, but

which may also begin in the posterior cornua and occasionally in the

white matter. Perhaps this is a process of foetal origin, foetal nests

of glia cells persisting and being stimulated to proliferate by some
secondary irritation; perhaps, as other authors think, the prolifera-

tion may originate also in the normal glia tissue. The view is also

held that a proliferation of ependyma cells proceeds from the central

canal and thus forms the basis of the process. However that may be,

a proliferation, a gliosis, is developed in the glia. From this a cav-

ity is formed through the destruction of portions of the tumor as the

result of retrograde metamorphosis. The details of this i^rocess are

still a subject of controversy, especially as to the question whether it

is to be regarded as inflammatory or neoi)lastic.

As secondary changes in the nerve tissues consequent to the glio-

sis are found degenerations of the nerve fibres, degenerations and
atrophy of the ganglion cells of the gray matter as well as of the an-

terior and the posterior cornua, and finally also vascular changes in

the form of thickening and hyaline degeneration of the walls of the

blood-vessels. Hemorrhages may also be found in the gliomatous

tissue.

If, however, this tissue does not form cavities through retrograde

metamorphosis, it grows steadily and assumes finally the character
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of a tumor, as a result of wliicli the whole spinal cord may appear

considerably increased in volume. Upon transverse section there is

then seen a solid tumor, generally surrounding the central canal, but

occasionally demonstrable in other regions, especiallj^ the posterior

cornua, which, precisely like the cavities, extend vertically through

the cord to a varying distance. This condition is called central glio-

sis or gliomatosis. The formation of cavities and gliomatosis, then,

represents the two terminal stages of gliosis. They may be found

united in one spinal cord; there may be present a solid gliomatosis,

which in one or more places has developed cavities.

Symptoms.

That which is most characteristic in the complexus of symptoms
of syringomyelia is the combination of muscular atrophy with sen-

sory and trophic disturbances. There is a series of other symptoms,

but these must be regarded as secondary and comparatively unimpor-

tant.

We will first describe the individual symptoms, without reference

to the order of their ai^pearance.

The motor affections present themselves especially in the form of

muscular atrophies. These are the result of the compression which

the anterior cornua undergo through the growth of the cavities, but

are also caused by the involvement of the gray anterior cornua them-

selves in the process of cavity formation, and finally by the i:>reviously

mentioned secondary degeneration of the ganglia of the anterior cor-

nua. The atrophy of the muscles, which may become extreme, is

therefore always degenerative. Different electrical reactions are

found, according to the intensity of the process. In case of a simple

compression of the anterior cornua, either no change or at most a

trivial quantitative diminution in the electrical excitability can be

demonstrated. If the anterior cornua have become involved in the

glia proliferation, or if they have already undergone secondary de-

generation, their troi)hic influence over nerve and muscle is abolished,

and the reaction of degeneration can be obtained from the mnscle

fibres which dei)end upon these ganglionic cells, i.e., sluggish gal-

vanic contraction with reversal of the contraction formula and aboli-

tion of faradic excitability. When through atrophy of the anterior

cornua the muscle has become completely atrophied and consists only

of fat and connective tissue, its electrical excitability will be lost for

both currents.

The electrical examination of the atrophied muscles demands
much practice and patience. Since fibres which have already degen-
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eratecl often lie side by side with those which still react uormally,

the muscle must be gone over millimetre by millimetre, in order to

find the reaction of degeneration.

In correspondence with the origination of the anatomical lesions

in the cervical cord, the atrophy begins almost always in the hands,

and especially in the muscles sui)plied by the ulnar nerve, involving

subsequently the regions to which the median is distributed. Final-

ly, all the muscles of the hand become atroi)hied, and the familiar

clawed hand, the main en grijfc, is produced, the x)repouderance of the

flexors and extensors of the forearm resulting in abnormalities of po-

sition of the i)halanges. Fibrillary twitchings are very frequently

seen in the atrophied muscles. The atroi:)hy may be more marked
in one hand than in the other ; at the beginning of the disease it may
even be confined to one hand. As the disease progresses, the i)roc-

ess may remain limited to the hands, or it may spread more widely.

In the latter case the muscles of the forearm and lower part of the arm
are generally passed over, and the muscles about the shoulder, espe-

cially the deltoid, are next implicated (Duchenne-Aran type). The
other shoulder muscles are then attacked, and after them the muscles

of the lower arm. If the disease still progresses, the muscles of the

back are next involved, then the intercostals and the abdominal mus-

cles ; and finally, although this is extremely rare, the muscles of the

lower extremities. Here the calf muscles, the glutei, the extensors

of the leg, and ver^^ often the vastus, are most atrophied. And here,

too, from the j^reponderance of the antagonists, deformed positions

of the feet are met with.

Deviations from this tyjncal course of the atrophy may occur, in

that occasionally the affection may begin in the dorsal or lumbar

cord, in which case the lower extremities are first and most severely

affected, while the upper are involved at a much later period, and

may even escape entirely. Exceptionally, when the disease is located

in the cervical cord, the atrophy may begin about the shoulder and

pass to the hand muscles subse(iuently (humeroscapular type).

The atrophy of the musculature is not always distributed s^m-

metrically in the two halves of the body; there are even cases in

which an absolutely one-sided atrophy is present (gliosis unilateralis).

In all cases in which the lower extremities are not themselves

the seat of the disease they are indirectly implicated, since the so-

called complexus of spastic symptoms develops in them—severe ac-

tive and passive spasms of the muscles, with contractures and greatly

increased patellar reflexes, occasionally also clonus of the feet. True

ataxia is also often present. The question how this complexus

of symx^toms is to be explained needs further investigation. It has
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been maintained that it arises from the secondary degeneration of the

lateral pyramidal tracts, which frequently develops when the disease

is located in the cervical cord. Others have expressed the opinion that

simplj^ the compression of these tracts by the gliosis or gliomatosis

suffices to produce spastic phenomena.

With regard to the manifestations of motor irritation, the fibril-

lary twitchiugs of the atrophied musculature have already been men-

tioned. Slight tremor of the hands, which sometimes suggests inten-

tion tremor, local cramps of individual groups of muscles, and

generalized convulsions involving considerable portions of the body

have been reported.

The disturbance of sensibility which is characteristic of syringo-

myelia is the so-called partial paralysis of sensation, the discovery of

which forms an epoch in the history of syringomyelia. It cannot, of

course, be affirmed that this complexus of symptoms is found exclu-

sively in syringomj^elia, but it occurs in connection with the other

symptoms only in this disease. The details will be considered under

the head of differential diagnosis. Partial paralysis of sensation

consists in this, that while the tactile sensations are perfectly normal

or at most slightlj^ lessened, the sensation of pain is much dimin-

ished and that of temperature appears to be quite abolished. This

I)aralysis of sensation is never confined to the course of single nerves,

but ajjpears in segments corresponding to the divisions of the spinal

cord—in an arm, in one-half of the trunk, in one leg. Its favor-

ite location is the extremities and the ujoper x>art of the trunk.

In general, it may be said that it pursues the same course as the

atrophy.

In greater detail, these disturbances of sensibility present the fol-

lowing picture : The sense of touch is comi)letely normal in almost all

cases ; contact with the finger tip, a brush, the head of a pin, is nor-

mally perceived and properly localized. There are, it is true, cases

in which a more or less considerable diminution of the sense of touch

is i)resent, but they are very rare. In syringomyelia the sense of

pain always undergoes a more or less well-marked diminution, which

may become complete analgesia. The patients no longer feel pin

I)ricks and faradic currents upon the skin as pain, and in the severe

cases do not feel them at all. Extensive surgical operations may oc-

casionally be performed upon them without pain. The sense of pain

of the deeper parts may also be impaired, so that, for example, frac-

tures of the bone are no longer felt to be painful.

The im])airraent of the sense of pain begins regularly in the fin-

gers and the liaud, and travels u])W.'nds to finally extend over the

trunk. It may occasionally be unilateral only. From the arms it
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may extend still farther upwards and involve tlie distribution of the

trigeminus in the face.

The temperature sense, i.e., the ability to distinguish dijfferences

of temperature, is totally abolished in most cases. Hence the follow-

ing very characteristic feature of the disease : These disturbances of

sensation are wont to appear first upon the fingers, and the patients

may consequently receive burns upon them which they do not perceive,

and only learn of from the resulting lesions ; the hands and fingers,

accordingly, present many scars as the result of such accidents.

From the hands the disturbances of the temperature sense extend to

the trunk. Objective examination shows that the patients in the

parts affected either do not distinguish warmth and cold at all and

in each case perceive only the contact of the warm or cold object, or

that perverted sensations are present ; warmth is felt as cold, and vice

versa.

The mucous membranes also often participate in the disturbances

of the temperature sense, so that the patients may eat too hot food

without hesitation.

Besides these objectively demonstrable disturbances of sensibility,

there are also subjective abnormalities. They consist of jjains and

parffisthesitB, both especially localized in the hands and arms, and

both often the first symptom of the disease. The pains are tearing,

lancinating, and burning, and are often considered to be of a rheu-

matic nature. The ijarsesthesia^ are described as sensations of i)rick-

ing or numbness, and are especially localized in the finger tips;

here the i)atieuts have the feeling of " going to sleep" and numbness,

so that they can no longer feel a needle, jiick up a small coin, etc.

Occasionally pains and jjargesthesise are combined. Very often also

there are abnormal sensations of heat and cold in the tips of the fin-

gers.

The arms and the trunk, as well as the hands, may be the seat of

subjective disturbances. In the legs, on the contrary, these disturb-

ances are very rare. If they occur, they consist chiefly in parsesthe-

sise of the soles of the feet.

Trophic changes are observed in the skin, the subcutaneous cellu-

lar tissue, and the bones and joints.

In the skin are found hypergemia or anaemia, dermatitis, ery-

thema, herpes, spontaneous gangrene, atrophy or hypertrophy, pem-
phigus vesicles, hyperidrosis or anidrosis, ulcerations and rhagades.

There are also changes in the nails—brittleness, deformities, and

distinct longitudinal markings. Panaritium and phlegmon occur in

the subcutaneous cellular tissue.

The implication of the bones and joints in the disturbances of nu-
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trition is in the form of the so-called arthropathy. There are either

serous effusions into the articular cajosules which are dilated and

swollen, or there is true thickening and swelling of the articular ends

of the bones. Spontaneous fractures of the bones often occur, i.e.,

fractures without any or with only a trivial iujurj^ The tendency to

such fractures depends upon previous changes of the osseous tissues,

especially absorption of the cancellous tissue and increase of the med-
ullary cavity. On account of the disturbance of the sense of pain,

fractures are generally quite painless and often heal comj)letel3' in an

abnormally brief time, although in some cases deformities ma^^ re-

sult.

In the spine the trophic disturbances often manifest themselves in

the form of a scoliosis or kyphosis. The scoliosis generally begins

in the dorsal vertebrse. It is certainly in most cases to be referred

directly to a troi)hic ajffection of the spinal column, but may occasion-

ally be caused by a unilateral paralysis of the muscles of the back,

due to atrophy.

The cutaneous reflexes of the cremaster, the abdomen, and the

soles of the feet are generally increased in syringomyelia. This is a

singular fact, for often the part of the skin which is stimulated—for

example, the sole of the foot—may be anaesthetic.

The tendon reflexes in the arms, Avhen the disease has its usual

seat in the cervical cord, are generally entirely absent; while in the

lower extremities, on account of the spastic conditions, they are much
increased. If the process has become established in the lumbar

cord and has destroyed here the centre for the patellar reflex, the

latter disapi)ears.

Affections of the bladder and of the rectum generally do not ap-

pear for a long time, but may develop in the later stages of the dis-

ease, and are then not distinguishable from the common disturbances

of spinal origin which affect these organs.

The genital functions are generally but slightly affected. Loss of

sexual appetite as well as increase in sexual excitability have been de-

scribed.

If the syringomyelia advances upwards from the cervical cord, it

may attack the medulla oblongata, and produce a series of so-called

bulbar symptoms.

The trigeminus is first affected in the form of a partial paralysis

of sensation in the ])ortions of skin whicli are supplied by this nerve

;

occasionally also there is parsesthesia. More rarely, the motor divi-

sion of this nerve is implicated, ])roducing difSculty of mastication or

a complete abolition of tliat function. In the tongue are found fibril-

lary twitchings, atrophy, and hemiatrophy, as well as paresis and
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paralysis. Involvement of the vagus is manifested by impeded deg-

lutition, i)aralyses of the laryngeal muscles, especially of the posti-

cus and recurrens, as well as by au«stliesia of the pharynx and
oesophagus, vi^hich results in a loss of the cough and deglutition re-

flexes. The cardiac disturbances, consisting in irregularity of

rhythm, acceleration or retardation of the pulse, and stenocardiac at-

tacks, are to be referred to implication of the vagus. The same is

true of the paraesthesifD of the internal organs, sensations of cold in

the lungs, and sensations of cold or of burning in the stomach and in-

testine.

Taste may be affected in the form either of partial imimirment of

sensation or of its entire loss. Implication of the facial nerve in the

bulbar affection is manifested by j)aresis or contractures, rarely by
paralysis. Paralyses of the eye muscles occur, especially paralysis

of the abducens, more rarely of single branches of the oculomotorius.

Frequently the sympathetic fibres are affected; there is then a myo-
sis with narrowing of the aperture of the lids on the side involved—
the so-called oculopupillary symi)tom. Nystagmus has also been re-

ported.

The origin of the contraction of the field of vision which some-

times occurs is not perfectly clear. Aside from the cases in which
syringomyelia is combined with hysteria, in some cases of uncompli-

cated syringomyelia a considerable concentric contraction of the field

of vision, especially for colors, and above all for green, is found.

The bulbar symjDtoms of syringomyelia are generally distributed

irregularly in the two halves of the body ; they are certainly never

symmetrical—a fact which corresponds with the irregular progression

of the disease.

General cerebral symptoms also occur in syringomyelia—head-

ache, dizziness, optic neuritis, vomiting, and spasms. These phenom-
ena are to be referred to the fact that the pathological process pro-

duces an enlargement of the medulla oblongata, which may compress

the cranial contents.

The development of syringomyelia is always extraordinarily slow

and insidious; its course may extend over twenty years. The first

symptom is generally a disturbance of the temperature sense ; then

pains and parsesthesise are developed, to which succeeds atrophy of

the muscles of the hand. The trophic disorders are later in appear-

ance.

The prognosis is always absolutely unfavorable. Death takes

place from cystitis, decubitus, or general pyasmia; occasionally also

from paralysis of respiration, either of central origin or due to an im-

plication of the respiratory muscles.

Vol. XI.—50
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Tlie symptoms which have just been described in detail constitute

the type of the disease, i.e., the form in which the process begins in

the cervical cord and advances either upwards or downwards (cervical

type).

Besides this form, however, there are others, the various anoma-

lies in the course of which present a widely varying picture, so that

only the principal forms can be described.

And, first, it may happen that, as has already been mentioned,

the affection may develop chiefly in the dorsal or lumbar cord, in

which case atrophies and disturbances of sensibility first appear in

the lower extremities, and the arms may occasionally escape entirely.

Further, there are cases in which the disturbances are almost ex-

clusively motor, sensory symptoms in the form of pain, pargesthesia,

or other subjectively demonstrable abnormalities, appearing quite

late in the disease or not at all. If to these are added early contrac-

tures of the legs with increase of the patellar reflex, a picture is pre-

sented which strongly suggests amyotrophic lateral sclerosis or the

complexus of spastic symptoms. We shall return to this subject

again when speaking of the differential diagnosis.

The above-mentioned humeroscapular type of the atrophy may be

so prominent as to simulate the juvenile form of progressive mus-

cular dystrophy, especially if the sensory manifestations are but

slight.

If, on the other hand, the sensory phenomena predominate greatly,

the motor sphere being implicated slightly and at a late period, there

may be produced an assemblage of symptoms much like hysteria,

particularly if, as not rarely happens, the posterior roots and the

posterior columns are attacked unilaterally, so that a hemiansesthesia

can be demonstrated.

A quite distinct variety of syringomyelia is that form which man-

ifests itself almost solely by troi)hic disturbances. In these cases,

besides the more or less well-marked muscular atrophy, there are

found on the hands chaps of the skin in great numbers, painless pan-

aritia, and fissures and thickening of the finger joints. Objective

testing of the sensibility reveals also the characteristic partial pa-

ralysis of sensation. Cases of this kind were described by Morvan
in 1883, and were regarded as constituting a disease sui generis, which

Morvan himself designated as " paresie analgesique a panaries des

extremites superieures," or as " paresoanalgesie des extremites supe-

rieures." But it is now known that the so-called Morvan's disease

de])ends anatomically upon the same process as does syringomyelia,

and therefore should not be separated from it. A similar grouj) of

symi^toms occurs only in lepra ; if this disease can be certainly ex-
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eluded, a spinal gliosis will always prove to be the anatomical basis

of tlie affection.

Finally, it may happen that the gliosis and the formation of cavi-

ties are confined exclusively to the posterior columns. Then, of

course, the clinical picture maj^ agree completely with that of tabes

dorsalis. It has, moreover, been proved by pathological investiga-

tion that syringomyelia may be combined with genuine tabes.

Diagnosis.

These considerations lead us naturally to speak of the differential

diagnosis which in syringomyelia covers a wide field, and in many
cases is attended with great difficulties.

Atrophies of the hand muscles in connection with spastic phenom-
ena in the legs are, excepting syringomyelia, found esj)ecially in amy-
otrophic lateral sclerosis. But this disease, at least in all typical

cases—and others need not now be considered—is dependent upon an

anatomical process which is confined to the motor ajjparatus, i.e.,

the ganglion cells of the anterior cornua and the corresponding pe-

ripheral nerves, never attacking the sensory i)aths. If, however, a

few atypical cases of amyotrophic lateral sclerosis occur in which dis-

turbances of sensibility are present, the latter never extend so widely

distributed over considerable jjortions of the body as in syringomy-

elia; and, above all, partial paralysis of sensation is never found.

The possibility that the medulla oblongata may become implicated is

common to both diseases. But the bulbar symptoms in amyotrophic

lateral sclerosis, in correspondence with the symmetrical extension

of that process, are almost invariably bilateral and symmetrical; in

syringomyelia, however, as has already been emphasized, they are

unsymmetrical and often unilateral. It must be admitted that those

cases of syringomyelia in which the sensory symptoms are very late

in appearing, so that at first only atrophy of the muscles of the hand
and spastic phenomena in the lower extremities are present, may op-

pose insuperable obstacles to the differential diagnosis from amyotro-

phic lateral sclerosis.

Spinal progressive muscular atrophy also begins with atrophy of

the hand muscles. But in this affection there are no sensorj' disturb-

ances and no spastic symptoms of the lower extremities. Moreover,

the course of the disease is somewhat more rapid; and, finally, it

should not be forgotten that, in comparison with syringomyelia, spi-

nal progressive muscular atrophy is a very rare disease.

The humeroscapular type of syringomj-elia may be confounded

with the juvenile form of progressive muscular dystrophy. But
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in this affection also there are no sensorj^ disturbances, and the

changes of electrical excitability which may occur in syringomyelia

are wanting.

Caries of the cervical spine may lead to atrophy in the hands, to

disturbances of seusibiiitj-, and to oculopupillary symptoms; but, at

least in the more advanced stages, the presence of vertebral disease

ma3^ be recognized, or tuberculous affections of other organs may be

detected.

Affections of the brachial plexus may simulate syringomyelia. In

the so-called paralyses of the upper jjlexus, known as the Duchenne-

Erb paralyses, only the muscles about the shoulder and in the arm
(and in the forearm only the supinator) are affected, a localization

which would not be found in syringomyelia. On the other hand, pa-

ralysis of the lower plexus, Klumpke's i)aralysis, affects especially

the small hand muscles and produces also oculopupillary phenomena.

The doubt will be decided by the fact that these plexus paralyses are

produced almost solelv from traumatism, and also that the disturb-

ances of sensibility which follow them affect all kinds of sensation,

instead of being i^artial, as in syringomyelia.

Multiple neuritis may also be mistaken for syringomyelia. In

this also there are atrophic paralyses; in fact, partial paralysis of

sensation is not very rare in neuritis. Yet in syringomyelia the se-

vere i^aiu of neuritis and the extreme sensitiveness of the nerve trunks

to pressure are absent; and finallj^ the partial paralyses of sensation

do not affect whole segments of the body, as in syringomyelia, but

are rather confined to the course of single nerves.

Pachymeningitis cervicalis hypertrophica, besides atrophic paraly-

ses of the hand muscles, presents also pain, trophic disturbances,

and disturbances of sensibility, occasionally also even spastic phe-

nomena in the legs. The distinction from syringomyelia may there-

fore occasionally prove very difficult. It is to be made by the facts

that the whole course of pachymeningitis cervicalis hypertrophica is

much nxore rapid, that the disturbances of sensibility almost always

affect all kinds of sensation, and that x>a,in is the most consi)icuous

feature of the disease.

Htematomyelia is also more fre<]uently located in the cervical

cord, and from this part extends longitudinally through the cord. If

it attains some size it may therefore simulate syringomyelia. Deci-

sive for the diagnosis of haomatomyelia is the proof of a traumatism
as the cause, as well as the ra])id devel()i)ment of all sym]>toms, fol-

lf)Wod by their slow reti'ogrossion in conserpienc^o of tlie gradual ab-

sor])tiou of tlio hemorrhage; while syringcjmyelia also runs a slow

course, but is in'ogressive.
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That multiple sclerosis may present a similar picture to that of

syringomyelia is evident. There are found in it the complexus of

spastic symptoms, nystagmus, muscular atroi:)hy, and occasionally

also disturbances of sensibility. But very rarely in multijjle sclerosis

are there so extensive muscular ati'ophies as in syringomyelia, and,

above all, the reaction of degeneration which may be found in syrin-

gomyelia is absent here. Moreover, the disturbances of sensibility

which occur in multiple sclerosis never possess the character of the

i:>artial paralyses of sensation ; and finally, trophic affections of the

bones and joints, such as are found in syringomyelia, are great rarities

in multii)le sclerosis. However, it is admitted that multiple sclerosis

cannot be excluded with certainty' in any diffuse disease of the central

nervous system.

The relation of tabes dorsalis to syringomyelia has already been

noticed. There are, in fact, cases in which the two diseases cannot

be distinguished from each other, especially because of the trophic

disturbances which are so extensive in tabes as well as in syringomy-

elia. As points of diff'erence may be mentioned the facts that in

tabes the process generally begins in the legs, in syringomyelia

in the upper extremities; that while in tabes atrophy of the mus-

cles of the hands may develop as a consequence of secondary

peripheral neuritis, yet this occurs only in the last stages of

the disease, but in syringomyelia it constitutes the beginning;

finally, that in the large majority of cases of tabes a previous

syphilis plays an etiological role, while, as was remarked at the

beginning, the latter almost never has such a significance in syrin-

gomyelia.

The diagnosis between syringomyelia and leprosy may occasionally

be diflicult. Lepra ansesthetica, in which form alone the question

could of course arise, also causes muscular atroi)hy, especially in the

hands, and trophic and sensory disturbances, the sense of temjiera-

ture especially suffering. On the other hand, there are found in lep-

rosy the characteristic leprous skin affections—nodes with ulcerations,

white anaesthetic cicatrices, and in the secretion of the ulcerations the

lepra bacillus may be demonstrated, which, of course, establishes the

diagnosis beyond doubt. In leprosj^ the nerves are very sensitive to

pressure and are to be felt as painful, thickened cords, which never

occurs in syringomyelia. The disturbances of sensibilitj- in leprosy

affect almost solel}^ the hands and feet, and in them are develoi:>ed by

preference in the most peripheral portions. They never correspond

as in syringomyelia to the individual segments of the spinal cord.

Spastic symptoms in the legs are rarities in leprosy. And finally, the

fact that the patient in question comes from a leprous region or has
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recentlj' dwelt in sucli a locality, is of importance for the diagnosis

of leprosy.

Treatment.

Since we cannot in any way modify the disease process in the

spinal cord, it is evident that there can be no hope of a successful

treatment of syringomyelia. There remain only, on the one hand,

palliative treatment, i.e., securing a quiet life for the patient and, if

necessary, treatment of the trophic affections ; on the other, sugges-

tive or hope-inspiring treatment—hydrotherapy, baths, massage, and

inunctions.

SPASTIC SPINAL PARALYSIS.

Anatomically, the so-called spastic spinal paralysis, also known
as lateral sclerosis, consists in a degeneration of the lateral pyramidal

tracts. This is found with relative frequency at autopsies. Whether,

however, it is proper to regard it as a primary disease, is a still un-

decided question. There is no doubt that lateral sclerosis occurs

more frequently in the train of other diseases of the spinal cord and

brain than as a perfectly independent affection without any other

changes in the central nervous system. A feAV autopsies do indeed

prove the fact of the occurrence of primary lateral sclerosis, but they

must be considered rare exceptions in comparison with the much more
numerous cases in which the affection simply constitutes a symptom
of the primary disease. Since, therefore, primary lateral sclerosis

must be regarded as a rarity, it is better to designate the symptoms
which are produced in general by the degeneration of the lateral col-

umns as the spastic symptom complexus. This complexus presents

a well-marked clinical picture, which is found in the coarse of va-

rious diseases of the nervous system, to be described in detail fur-

ther on.

Symptoms.

The disease always begins in the lower extremities with the feel-

ing of tension and stiffness. The patients describe their condition by

the expression, "the tendons are getting too short." The once per-

fectly easy movements of the legs and feet become difficult, the gait

is noticeably affected, and all exercise of the lower extremities which

involves effort—such as dancing, skating, mountain-climbing, etc.

—

is either greatly impeded or rendered impossible. Besides the ten-

sion, fatigue is soon felt in the legs after very slight exertion. Invol-

untary twitchings of the legs are very common in this initial stage.

The pathological condition is not always ecjually developed in both
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legs. One leg alone may be attacked, tlie other showing the same
symptoms only at a much later period.

In the further course of the disease genuine contractures develop

in addition to the weakness and stiffness of the muscles. These
affect the adductors and extensors, especially in the thigh and in the

leg, the flexors of the feet, causing abnormalities in the position of

the extremities. Upon examination of the patients the following

condition is discovered : The active mobility of the leg is nowhere
abolished, but is much impeded, because in every movement the ex-

cursion of the joint cannot be fully carried out on account of the ten-

sion of the muscles. If passive movements are performed—if, for

example, one attempts to move the thigh at the hip-joint, a certain

force is necessary to overcome the tension of the adductors which fix

the thigh. In severer grades of the affection such movement is actu-

ally impossible. It can be demonstrated that the muscles are in

part distinctly contractured, especially the adductors of the thigh

and the flexors of the feet. In consequence of the contracture of the

adductors the legs cannot be sufficiently separated, and the knees

strike against one another.

The affection is most manifest in the gait, which is called the
" spastic gait. " Since the legs are kept flexed at the knee-joint be-

cause of the contracture of the flexors of the back of the thigh, the

complete extension of the knee necessary for normal walking cannot

be effected. The foot, on account of the contracture of its flexors, is

planted only by the toes, never with the whole sole—it gives the im-

pression that the patients are glued to the floor. They drag their

feet forward painfully by very small steps, seeking to compensate

for the insufficient mobility of the thigh at the hip-joint by thrusting

forward the whole pelvis. Their shoes are always worn through

first or even exclusively at the tip, never in the middle of the sole.

The second peculiarity of the spastic complexus is the enormous

increase of the tendon reflexes. A quite gentle touch upon the ten-

don of the quadriceps suffices to excite the patellar reflex. An ex-

tension of the leg is then produced, which may pass into a tonic con-

traction of the quadriceps, lasting for several seconds, so that we
speak of a patellar tonus. Very often the patellar reflex is excited

in the intensity just described by simply seating the patients upon a

table so that their legs hang free. The pull upon the quadriceps ten-

don thus induced is sufficient to cause the reflex. Attention has

recently been directed to another phenomenon connected with the

quadriceps tendon, which is dependent upon the increased reflex ex-

citability. If the patella is pulled forcibly downwards, a strong clonic

contraction of the whole quadriceps is produced. In the severer
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forms of the spastic complexus tlie so-called dorsal or foot clonus is

always present. If in passive extension the foot is forced strongly

upwards, in consequence of the resulting tension of the tendo Achilles,

there occurs a vigorous contraction of the calf muscles, which pro-

duces a quivering of the whole calf, and which may even be commu-

nicated to the entire extremity.

Otherwise there are no nerve disturbances in the legs. The mus-

cles do not atrophy, the electrical reaction remains unchanged, the

sensibility continues to be normal, trophic changes do not occur, and

the functions of the bladder and of the rectum are never disturbed.

The contractures and the increased tendon reflexes are the character-

istic features of the disease.

Occasionally the same process is found in the arms, and here,

too, there are contractures and spasms of various muscles, combined

with an increase of the tendon reflexes. The triceps tendon reflex is

much exaggerated, and the periosteal reflex is also increased. But

the spastic symptom complex is very rare in the arms.

Etiology.

The cause of these phenomena, as has already been stated, is to be

sought in the degeneration of the lateral pyramidal tracts. It is

probable that centrifugal fibres lie in these tracts, which are to be re-

garded as reflex inhibitory in function. Lesions of these fibres

would naturally produce an increase of the tendon reflexes. The
cause of the contractures, however, has as yet not been demonstrated.

The spastic complex afi'ecting the legs is found in three

diseases of the nervous sj^stem, namelj^ hydrocephalus, encephalitis,

progressive paralysis. Of diseases of the spinal cord are especially to

be mentioned chronic myelitis of the cervical and dorsal portions,

syringomyelia, hydromyelia, insular sclerosis, amyotroj)hic lateral

sclerosis, and, finally, the combined system diseases as soon as they

have involved the lateral tracts.

Hysteria may also cause the complex of spastic symptoms, and
spastic phenomena may occur in lathyrism and in pellagra.

The diagnostic problem, therefore, when the complexus of spastic

symptoms is present, is to demonstrate the existence of one of the

diseases just enumerated by means of the other symptoms, and thus

to prove the dependence of the complex upon it. And it should

not be forgotten that many of the diseases mentioned often reveal

themselves for years only b}^ the spastic symptom complex, until

finally a symptom which does not belong to it appears and makes
the primary disease known. This is especially true of insular scle-
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rosis. We must not therefore conclude with absolute certainty from

the absence of other symjjtoms than those of the spastic symi)tom

complex that a case is one of unmixed primary spastic spinal i)araly-

sis, for death may finally occur from intercurrent disease before the

primary affection has had time to manifest itself.

Prognosis and Treatment.

The prognosis and treatment vary with the original disease.

ISothing is to be exi:)ected from treatment, except in case of syphilis.

Then an energetic treatment by inunctions should be instituted, for

treatment, if too late, is useless. If atroi:)hy or cicatricial tissue have

developed in the intraspinal tissues, mercury is no longer of benefit.

Aside from the use of mercury, thermal waters and saline baths are

the most important remedial measures in the unsatisfactory treatment

of these chronic diseases of the sjnnal cord.

AMYOTROPHIC LATERAL SCLEROSIS.

Amyotrophic lateral sclerosis—better named myoatrophic lateral

sclerosis—as its name implies, consists in an affection of the gan-

glion cells of the gray anterior cornua—atrophy—combined with

spastic paralyses—lateral sclerosis.

Pathological Anatomy.

Corresponding to these affections, there is found a degeneration

of the anterior and lateral pyramidal tracts, which may be followed

from the lower lumbar to the cervical cord, but ver}^ often from the

latter region invades also the higher motor paths, i.e., the motor

l)aths in the pons, the crura cerebri, the internal capsule, and even

the central convolutions. Simultaneously with this process there de-

velops atrophy of the ganglion cells of the anterior cornua, which be-

gins generally in the cervical cord and advances downwards. Finally,

the atrophy also attacks the nerve nuclei in the medulla oblongata, so

that the nuclei of the facial, hypoglossus, trigeminus, and vagus

nerves may become affected. The peripheral motor nerves which

proceed from the ganglion cells of the anterior cornua or from bulbar

nuclei manifest degeneration also, although in a lesser degree. The
muscles which depend for their nutrition upon the diseased ganglion

cells are, of course, attacked by degenerative atrophy. The remain-

ing portions of the spinal cord, especiallj'^ the other tracts of white

matter, remain perfectly normal.
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Etiology.

Very little is known with regard to the etiology. Exposure to

cold, overexertion, psychical excitement, and ti-auma have been

thought to be causative, but their influence cannot be positivelj^

proved. The disease begins between the twenty-fifth and forty-fifth

years. Men are attacked with decidedly greater frequency than wo-

men.

Symptoms,

The beginnings of the disease consist always in a weakness of the

upper extremities, especially of the hand muscles, and of a stiffness

in the legs, which easily become tired. There is also unsteadiness of

gait. Soon the first atrophies apj)ear in the hands. These, as a rule,

attack first the ball of the thumb and the hypothenar eminence, then

the interossei. A corresponding loss of function is j)roduced, and

through the preponderance of the antagonists the hand soon becomes
" clawed" {main en grife). The atrophy then advances with compara-

tive rapidity, and attacks the extensors of the forearm, the deltoid,

and the triceps. The muscles very frequently exhibit fibrillary twitch-

ings. Electrically there is either no change or a quantitative lessening

of excitability ; in certain muscle fibres, especially of the hand mus-

cles, a distinct reaction of degeneration may be detected.

Besides these atrophies, contractures also soon appear ; the arms

are in the position of adduction, the forearms are flexed, the hands

are either pronated or strongly flexed. Moreover, the power of the

whole arm is more diminished than aj)pears to correspond with the

condition of the muscles first atrophied. In muscles in which atro-

phy can hardly be demonstrated, there is alreadj^ great loss of power.

At an early period a considerable increase in the tendon reflexes

in the arms is manifested; the periosteal as well as the tendinous re-

flexes are extremely vigorous. A blow upon the tendons of the su-

pinator longus or of the tricejos, as well as upon the radius, calls

forth active muscular contractions.

Sensibility remains quite normal in the great majority of cases;

in very feAV, par^sthesige and slight pains in the hands and arms are

described. Trophic changes do not occur.

In the lower extremities rigidity of the legs is from the first the

most conspicuous feature, atrophy in this region being comparatively

quite unimportant. The muscles of the legs show great motor weak-

ness and loss of force. Active and passive sj)asms, often severe, are

also frequently developed. The tendon reflexes are extremely exag-
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gerated; foot clonus can be elicited in the majority of cases. The
spasms produce a spastic-paretic gait, the i)atients touching the

ground almost solely with the tips of the toes and dragging them-

selves along with small steps. The entire complexus of spastic symp-
toms becomes thus developed. In the legs there are never disturb-

ances of sensibility. The bladder, the rectum, and the sexual

functions are also never affected.

After a duration of years the process finally invades the medulla

oblongata, and bulbar symptoms are developed. These manifest

themselves as atrophy of the lips, in consequence of the implication

of the nucleus of the facial, and as atrophy of the tongue from lesion

of the hypoglossus—both atrophies produce dysarthria. If the vagus

is affected, disturbances of deglutition, abnormalities of the heart's

action, and occasionally also serious disturbances of respiration are

produced. If the degeneration attacks the nucleus of the trigeminus,

paresis of the masticatory muscles occurs. The sensory fibres of the

medulla nerves likewise are never implicated. The reflexes in the

regions supplied by the nerves from the medulla are much increased

;

there is a particularly great increase in the masseter reflex.

The affection lasts from four to six years. Of course, the prog-

nosis is always absolutely unfavorable, and therapy is powerless.

Death generally takes place from paralysis of respiration.

Diagnosis.

This is not difiicult, if it be remembered that amyotrophic lateral

sclerosis attacks onl}^ the motor apparatus, and that it consists in the

singular combination of atrophy of the arms with spasms of the

legs. Every other disease which j)resents this comx^lex of sj^mp-

toms in connection with disturbances of sensibility, can therefore be

excluded. Syringomyelia, for example, might be suspected, for this

disease also first causes atrophy of the hands and then sjiasms of the

legs, if it were not that there are always marked disturbances of

subjective and objective sensibility. Only when the posterior cornua

escape in syringomyelia, which sometimes liappens, is there a clini-

cal picture which much resembles that of amyotrophic lateral sclero-

sis.

In chronic myelitis atrophies of the arms and spasms in the legs

are sometimes met with likewise; but at the same time there are al-

ways more or less pronounced disturbances of sensibility, and espe-

cially of the bladder and rectum.

Multiple sclerosis, besides the symptoms characteristic of amyo-

trophic lateral sclerosis, which may also occur in it, presents scan-
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ning speech, intention tremor, and atrophy of the optic nerve; occa-

sionally it cannot be excluded with absolute certainty.

The spinal form of progressive muscular atroph}', which always

begins in the muscles of the hand, is attended neither by disturbances

of sensibility nor by spasms of the legs.

Pachymeningitis cervicalis hypertrophica may also be attended

by paresis and atrophy in the arms and spasms in the legs, but has a

more rapid course; pain and disturbances of sensibility are also

present.

Peripheral polj^neuritis may occasionally manifest the complex

of symptoms belonging to amyotrophic lateral sclerosis in the arms,

but will always show, besides these, disturbances of sensibility, and

there will be no increase of the tendon reflexes.

Finallj^ the bulbar form of amyotrophic lateral sclerosis may be

confounded with other diseases of the medulla oblongata. To be

considered are the acute bulbar paralyses from hemorrhage or soft-

ening, which are distinguished by their suddenness of onset and

chronic progressive bulbar paralysis. The latter is, of course, quite

identical with the bulbar form of amyotrophic lateral sclerosis, and is

distinguished from the purely spinal form of the disease only hy the

absence of atrophy in the hands. But the two diseases may be com-

bined with one another.

Treatment.

Amyotrophic lateral sclerosis is incapable of being benefited by

treatment. In the absence of anything better, electrotherapy is em-

plojed.

PROGRESSIVE SPINAL MUSCULAR ATROPHY.

The anatomical basis of this affection is a lesion of the motor ap-

paratus from the gray anterior cornua to the muscles, the motor gan-

glion cells, the anterior nerve roots, the peripheral motor nerve, and,

finally, the muscles also falling a prey to degenerative atrophy.

Pathological Anatomy.

The details of the anatomical picture are as follows : the anterior

cornua are diminished in size ; the ganglion cells of the cornua have

wholly or in part disapi)eared; those cells which are still ])resent are

atrophied, i.e., the cell itself has become diminished; the nucleus is

contracted, and the processes are wasted. Tlie anterior roots are

granular and have undergone fatty degeneration. The motor fibres
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for the most part exhibit only a partial degeneration ; besides fibres

which are still perfectly normal are found others with fatty or pig-

mentary degeneration, as well as with interstitial x^rolii'eration of con-

nective tissue. The atrophic muscles show in part only simi^le atro-

l)hy, i.e., considerable diminution in thickness of the fibres with

jjreservation of their transverse striation ; but for the most part there

is degenerative atrophy—splitting of the fibres, increase in the num-
ber of the muscle nuclei, i)roliferation of the interstitial connective

tissue, and fatty degeneration of the muscle substance.

In this disease the white matter of the spinal cord remains (^uite

intact. The few cases in which besides the changes already men-
tioned a degeneration of the lateral tracts was also found, must be re-

garded as atypical, and in view of their great rarity need not be con-

sidered.

Etiology.

Practically nothing is known with regard to the etiology of sfjinal

muscular atrophy. Sometimes over-fatigue of the hands, as in wash-

ing, threshing, etc. , may seem to j)lay a part in the causation ; but by
no means always. Heredity also appears to be of little influence.

Men are more frequently attacked than women.

Symptoms.

The disease begins between the twentieth and fiftieth year, with

slowly increasing weakness of the upper extremities, especially of the

hands. It becomes difiicult for the i)atient to perform delicate move-
ments with them. But pain or other disturbance of sensibility is

entirely absent. After a time atrophy manifests itself in the

hands, generally first attacking the adductor and opjjonens pollicis,

but soon involving the other muscles of the hand, the whole thenar,

the hypothenar, and the interossei. Hence arise the familiar sinking

of the interosseous spaces, the wasting of the ball of the thumb and of

the little finger, and finally, through the preponderance of the flexors

and extensors of the forearm, the main en griffe. As the atrophy ex-

tends it overleaps usually the muscles of the forearm, to next attack

the shoulder muscles, especially the posterior and upper third of the

deltoid. Then the biceps is affected, after that the muscles of the

forearm, the extensors at an earlier period than the flexors. The tri-

ceps is generally spared for a very long time. The muscles of the

trunk are next imi^licated in the atrophy ; first the trapezius, next the

pectoralis, the rhomboideus, and the latissimus dorsi, the muscles of

the throat and neck generally escaxnng. The atrophy very rarely oc-
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curs in tlie lower extremities. If it does appear liere it is only in the

last stages of the disease.

The course of the atrophy just described, which begins in the

small muscles of the hand and advances gradually in a centripetal

direction—known as the Duchenne-Aran type—is the most common
but not the only form of the disease. Thus it may happen that the

atrophy begins in the shoulder muscles and only subsequently at-

tacks the muscles of the hand.

All the atrophies in this disease are well marked. Since the sub-

cutaneous connective tissue and the fat participate in the atrophy, the

contours of the bones are everywhere sharply prominent. The atro-

phied muscles show almost without exception strong fibrillary contrac-

tions, which may even be manifested in muscles which have not been

visibly affected by the disease. There are various changes in the

electrical excitability, according to the condition of the affected mus-

cle or nerve. If a considerable number of healthy nerve and muscle

fibres are still i)resent, there is only a more or less pronounced quan-

titative diminution of the excitability, which, as the degeneration pro-

gressively increases, may finally be entirely lost. With the increase

of the degeneration and atrophy of the ganglion cells of the anterior

cornua, their trophic influence proportionately diminishes and the

reaction of degeneration becomes manifest in the muscles. This re-

action is, of course, only demonstrable in some of the fibres, because

of the slow progress of the anatomical changes. It will therefore be

necessary to examine each bundle of fibres individually, in order to

detect abnormal slowness of contraction. By some authors an in-

crease in muscular excitability has been described as occurring in

muscles which are not yet visibly atrophied, this increase thus lead-

ing to the formation of a bad prognosis. This condition, however,

seems not to be constant.

The tendon reflexes of the arms are, of course, comi)letely abol-

ished. This is true also of the legs as soon as the disease attacks

them. Disturbances of the sensibility are comi)letely absent, nor are

there any subjective abnormalities of sensation in the form of pain,

pargosthesia, etc.

But, on the other hand, slight vasomotor and trophic disturb-

ances may occasionally develop ; above all, a certain coldness and cy-

anosis of the skin over the atrophied muscles of the hand ; also cracks

and thickenings of the skin, and brittleness and s])litting of the nails.

The bladder, the rectum, and the genital functions always remain in-

tact.

Occasionally in the further course of the disease the anatomical

changes attack the nerve nuclei of the medulla oblongata with their
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peripheral nerves, and bulbar affections develop in the form of atro-

phy of the tongue, with consequent difficulties of speech, disturb-

ances of mastication and of respiration, partial paralysis of the facial

nerve, etc.

The course of the disease is always very chronic, extending often

over decades. Eemissions hardly ever occur; the disease advances

irresistibly, though slowly. Death occurs either from intercurrent

disease or from paralysis of respiration, in consequence of the impli-

cation in the atropihic process of the respiratory muscles or from
lesions of their bulbar centres.

Diagnosis.

This is very easy in the pronounced cases, if the significance of

the facts that the disease begins in the hands and that the sensibility

is not impaired be appreciated.

Amyotrophic lateral sclerosis also produces atrophy of the mus-
cles of the hand, the sensibility remaining normal, but is always ac-

companied by spastic phenomena in the legs and increase of the ten-

don reflexes in the arms.

Pachymeningitis cervicalis hypertrophica, which may also cause

atrophy of the hand muscles, is always attended by phenomena of

sensory irritation in the arms, and produces especially objective dis-

turbances of sensibility.

Caries of the cervical spine causes not only atrophy, but also ob-

jectively demonstrable changes of sensibility in the hands. More-
over, at least in its more advanced stages, sensitiveness of the cer-

vical vertebrae on pressure or a gibbus in that region can always be

detected.

In syringomyelia, the disease which may most resemble spinal

progressive muscular atrophy with resi:)ect to the degree of the atro-

phy of the hand muscles, the atroj)hies are generally unsymme-
trically and irregularly developed in the two hands, and extensive

subjective and objective disturbances of sensibility are always con-

spicuous features of the disease.

The distinction from the myopathic forms of progressive muscu-
lar atrophy, the so-called progressive muscular dystrophy, will

be necessary only in the few exceptional cases in which sj)inal pro-

gressive muscular atrophy begins in the shoulder muscles, precisely

like the juvenile form of the dystrophy. Aside from the fact that

their further course will differentiate the diseases—the dystrophy

does not attack the muscles of the hands—a distinction can be made
by the behavior of the atrophic muscles to electricity ; in dystrophy

there is no reaction of degeneration.
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Certain forms of multiple neuritis may at times produce the phe-

nomena of spinal muscular atrophy. But in them there will always

be also a disturbance of sensibility.

Finallj^ atrophy of the small muscles of the hand also occurs in

the form of the so-called occupation atrophies, i.e., they are iDroduced

by overexertion of certain functionally connected muscles. But here

the occupation which causes the damage makes the etiology clear,

and, moreover, these occupation atrophies are almost always com-

bined with panesthesisB and slight objectively demonstrable disturb-

ances of sensibility.

Arthritic muscular atrophy may need consideration, if the shoul-

der or leg muscles are affected ; less so in case of atrophy of the mus-

cles of the hand. In these atrophies, which depend upon primary

joint disease, it will always be i^ossible to demonstrate the latter,

while in spinal progressive muscular atrophy the joints are always

perfectly normal. Arthritic atrophy is, moreover, usually rajiid in

its onset, but never manifests qualitative electrical changes of excita-

bility.

Finally, it should be again emjihasized that spinal progressive

muscular atrophy is a relatively rare disease, a fact which must

sometimes be taken into consideration in the differential diagnosis.

Treatment.

There is no treatment for spinal progressive muscular atrophy.

It is customarj^ to i>rescribe for the patients electricity^, massage,

warm baths (indifferent thermal springs, saline baths), and the like.
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TABES DORSALIS.

Synonyms.—Locomotor ataxia; Rivckenmarksschwindsucht ; Scle-

rosis of the posterior columns.

That such a well-marked disease as tabes should have been first

recognized as a distinct affection only about fifty years ago is not

flattering to the medical profession. It is true that many statements

of the older physicians are interpreted to apply to tabes, but these

expressions are so indefinite that no particular weight is to be given

them. It is generally stated that Duchenne was the actual discoverer

of tabes. This is not strictly correct, inasmuch as Wunderlich and

others had given very good accounts of the disease before him.

Nevertheless the admirable description, worthj' of a clinical genius,

given by Duchenne, who knew nothing of the work of his predeces-

sors, deserves the highest praise. From Duchenne's time until to-

day there has flowed an ever-widening stream of articles upon tabes.

The essays devoted to this subject up to the present time number
about two thousand, and every year enlarges and deepens our knowl-

edge of the disease. It is impossible to give here an adequate review

of the literature of the subject. Those who are interested in it are

referred to special works.* If the fact that the sharply marked pe-

culiarities of tabes were long unrecognized is not complimentary to

the perspicacity of our ancestors ; on the other hand, the fact that

year by year tabes is becoming more and more common throws an

unfavorable light upon the morals of modern life. We know now that

tabes is metasyphilis, i.e., a sequel of syphilis. Tabes becomes more
frequent in just the degree that syphilis extends. We should not,

therefore, regard ourselves as extraordinarily clever, for it is now
easier for us to study tabes than it was for the earlier physicians.

Like tabes, general paralysis of the insane was late in being recog-

nized but becomes more frequent year by year. The two diseases, in

my opinion, are essentially one— metasyphilis of the nervous sys-

tem. Their localization alone differs, that is, if the brain is especially

diseased we speak of general paralysis; in case the centripetal neiwe

*I have regularly reported the articles on tabes in Schmidt's Jahrbl\cher dcr ge-

sammten Medicin since 1879. In these reports all of the important modern con-

tributions are reviewed.
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fibres are particularly affected the term tabes is used. The historical

development of our knowledge, however, and the usage of practical

medicine separate tabes from general paralysis. This usage, which

classifies the former with diseases of the spinal cord and the latter

with mental diseases, is followed in this work.

Etiology.

The ignorance as to the causes of tabes which at first prevailed led

investigators to take into consideration all the conditions which could

possibly have a share in the origination of the disease. It is there-

fore surprising that the connection between syphilis and tabes was

pointed out only at a relatively late period and that this etiology

found at first little acceptance.

Duchenne was of the opinion that syphilis often seemed to be " the

only rational" cause of locomotor ataxia, but that since the symptoms
were the same as in the other cases and since antisyjjhilitic treatment

was of no benefit this supposed etiological relationship did not exist.

Eisenmann and E. Schulze, indeed, pointed out the importance etio-

logically of syphilis, but their data were insufiicient. It was not until

1876 that A. Fournier expressed emphatically the opinion that syph-

ilis is one of the most frequent causes of tabes. Vulpian sympa-

thized with his views but believed that syphilis merely predisposed

to tabes. In the year 1879 W. Erb first supported Fournier's view;

of 30 patients with tabes Fournier found previous syphilis in 24, Erb
found 27 out of 44 cases with a syphilitic history. In the same year

Erb reported the results of an examination, as a control-experiment,

of 85 men over twenty-five years of age, among whom only 14 were

found to have had syphilis. Since that time Erb has been led, by a

constantly increasing accumulation of statistics, to support Four-

nier's views most strongly. After his first publication statistics were

collected from all quarters, and some of them were of a very unsatis-

factory nature. Old histories of cases were examined, the cases of

tabes in which antecedent syphilis was noted were collected, and the

rej)ort was made that only 20 or 30 per cent, were found to be

syphilitic.

The Berlin neurologists, Westphal, Eemak, Bernhardt, and
esi)ecially Leydeu, attacked the new doctrine with especial energy-.

It found opponents in France also. Julliard and Charcot thought

tliat syphilis of the spinal cord had an appearance differing from

that of tabes. Charvot and his school declared that a "nervous

heredity" was without question the cause of tabes. In subse-

quent publications expressions of opinions for and against the
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theory alternated with each other. L. Meyer, of Berlin, found not

one case with previous syi)hilis among 19 cases of tabes in women.

A strong supporter of Fournier's view appeared in W. E. Gowers,

who found 70 i>er cent, of cases of tabes to be syphilitic (1881) . In

1881 Erb published for the first time statistics dealing with large

numbers of cases. He found of 100 patients with tabes 88 per cent.,

among 400 patients with other diseases only 23 per cent, to have had

antecedent syphilis. The question was discussed at the international

congress in London where Erb vigorously defended his views.

In 1882 Fournier again declared that in the vast majority of cases

tabes was of syphilitic origin. Since 1875 in 117 cases of tabes

he had found 91.45 per cent, to have had syphilis. He empha-

sized the facts that tabes begins almost always in the tertiary stage

(in 85 cases out of 89 after the third year) and that the syphilis had
generally been mild. (Of 84 cases, in none had the disease been

very severe, 10 had had syphilis of medium severity, and 61 benign

syphilis.) In 1883 Erb reported 200 cases of tabes; 9 of these

were without syphilitic infection. Of 1,200 cases of other diseases he

found 22.75 per cent, to be infected. In 1884 Oppenheim found out

of 100 cases of tabes 59 without syphilitic infection. Bernhardt in

four successive groups of statistics computed that 40, 60, 57.6, and

83 per cent, of cases were syphilitic. This is a good example of the

way in which the percentage grows with increasing care in the inves-

tigation of the history of the patients.

Since 1883 American neurologists have taken part in the contro-

versy, among whom may be mentioned Birdsall, L. Weber, and

Seguin. The last-named found 72.22 per cent, of tabes cases syphi-

litic. In 1884 I was able to declare from the statistics of Fournier

and Erb, as well as from Erb's study of series of cases of other dis-

eases, that the connection between syphilis and tabes is as well

proven as anything could be which is not susceptible of exact demon-

stration, that negative do not disprove positive statistics, that there

are numerous facts besides those derived from statistics which lead

us to infer the connection, that the objections of opponents only

show that tabes is not tertiary syphilis, that these objections lose

their weight if tabes is regarded as a sequel of syphilis and that wdth

our present knowledge it is proper to view syphilis as the conditio

sine qua non or as the primary cause in all cases of tabes. Striim-

pell gave his adhesion to the view that tabes is a sequel of syphilis,

having found 90 per cent, of his tabes patients to be syphilitic. He
thought that a toxin originates in the body of the syphilitic, and that

this toxin produces tabes. But neither he nor others ventured to

deny the existence of "non-syphilitic tabes."
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In 1885 another important work by Fournier appeared. Of 146

new cases of tabes there were only 9 in which Fournier thought that

syphilis should be excluded, and these statistics are the more valu-

able because all the important details are given for each case. In

the two series of statistics of Fournier 93 per cent, of the cases were

sj'philitic. Further study showed that the frequency of occurrence of

syphilis was paralleled by that of tabes in different classes and peo-

ples. Thus Minor found that the latter was as rare as the former

among the Jews, and that both were comparatively frequent among
the Russians. Several authors pointed out the rarity of both diseases

among the clergy and among Quakers. The correctness of Four-

nier's doctrine came to be more and more widely accepted. Oppen-

heim admitted it without reserve in 1889, as did also F. Raymond.
And the necessity of holding tabes to be always the result of syphilis

also became recognized. D. Drummond and P. Marie expressed

that view and Striimpell was inclined to accept it. Erb continued

unwearied in the collection of material. In 1896 he had at his dis-

posal the histories of 700 cases of tabes, of which 90.35 per cent,

were syphilitic. Among his last 200 cases there were only 4 in

which infection was not probable. *

The following may be regarded as now cei-tainly proven : In the

great majority of cases of tabes it is possible to demonstrate the pre-

vious existence of syphilis. Tabetic patients in whom such infection

is improbable are extremely rare. Before we proceed to draw fur-

ther conclusions from this let us examine more closely the conditions

under which tabes appear.

Age.—Tabes is extremelj' rare in children. If the literature of

the subject is explored we may succeed in collecting perhaps twelve

or fifteen cases in which tabes began before the fifteenth year. But
in almost all of these cases, it was possible to demonstrate hereditary

sj'philis, as was the case in some of Fournier' s patients, in two of

Gowers', in three of B. Remak's, in one of Striimpell's, etc. Al-

most as rare is tabes in old age. O. Berger, however, reported a

tabetic patient, seventy-four years old, who had been ill for two

years". He was infected with syphilis in his seventieth year. In

about two-thirds of the cases tabes begins between the thirtieth and
fortieth years, rarely before the twenty-fifth, and rarely after the fif-

tieth year. All authorities are pretty well agreed in this.

Sex.—Tabes at the usual age is much more fre(iuent in men than

in women. But this difference does not exist in tabes (and general

paralysis) of the young, in which the female sex is affected with a

* A detailed exposition of the history of the question of the syphilitic etiology

of tabes is to be found in my " Xcurologische BeitrSge, " Heft iii.
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slightly greater frequency. Statements as to the numerical ratio

of the frequency of the disease in the two sexes vary greatly. Erb
had only 32 women among 600 cases of tabes, Fournier only 2 women
in 112 cases. Some German authors find a ratio of 1:8; in Berlin

the ratio was found to be 1 : 4.4. Such differences depend manifestly

in part upon the kind of clientele, in part upon the composition of

the population. All authors state that tabes is much more rare

among the women of the well-to-do classes than among the poor.

Among 40 female cases of tabes I found only 1 woman belonging to

the upper classes. I have personally examined about 50 tabetic

women. In the great majority previous syphilis was certain or highly

probable ; in not a single case was it improbable. The average age

of the patients was thirty-five years; the average interval between the

syphilis and the beginning of tabes eight years. Of 32 tabetic female

patients of Erb's 14 were certainly, 12 very probably infected; in

only 2 was there no evidence of infection. Recentlj^ Erb has reported

9 additional cases of which 6 were certainly, 2 almost certainly, and
1 very probably infected with syphilis.

Country and Class.—In the so-called civilized countries tabes

probably occurs everywhere with about equal frequency, and its rela-

tions to age, sex, and class are everywhere the same. That it is much
more rare among barbarous than among civilized peoples seems also

to be certain. It is here alone that the frequency of tabes and that of

syphilis do not appear to coincide. Reports of peoples among whom
syphilis is said to be widespread, but tabes very rare, are frequent.

It is true that the statements as to the frequency of syphilis often

rest upon very insufficient foundation, but the fact may be admitted

to be in general correct. If this be the case, we must suppose that

certain secondar}^ conditions are necessary if tabes is to follow syph-

ilis, and these must be left for the future to make clear. At all events,

this lack of parallelism between the two affections does not obtain

everywhere, for among the Arabs of North Africa, for example, more
careful investigation has shown that the occurrence of tabes and of

general paralysis keeps pace with the extension of syphilis.

In civilized lands there is a contrast between city and country.

In the country tabes is much more rare than in the city, and the

larger the city the more frequent the disease. It is more correct,

perhaps, to say that tabes increases in proportion to the facilities of

communication. The closer the relations between city and country

(service in the army, railroads, etc.), the more does tabes extend into

the country ; and, on the other hand, the more isolated the region or

the community, the more rarely is tabes found.

The difference between the classes of a community is very clearly
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marked. Although, as has already been remarked, the women of the

so-called higher classes are much less frequently affected than those

of the lower, in men the reverse is true. In them the majority of ta-

betic patients are found among the " cultured." The disease is more

frequent in private practice than among the poor. It was in private

practice that Erb's great number of cases was obtained. Among 550

of his cases there were 324 merchants and manufacturers, 50 officers,

34 lawyers, 24 professors, teachers, etc., and 1 clergyman. The rar-

ity of tabes in ecclesiastics is quite surprising. Bouchard has de-

monstrated this to be true also of the French clergy with respect to

their liability to general paralysis.

We may sum up what has been already said somewhat as follows

:

Tabes, an extremely chronic disease, begins as a rule at a definite

age, within the third and fourth decades, and with few exceptions

spares the first two decades and old age. It is much more frequent

in men than in women (in great cities four to five times, in general

perhaps seven or eight times as frequent). It is the more frequently

met with the larger the city. It is very rare in certain classes (espe-

cially the clergy), but has a predilection for other classes (merchants,

officers, literary men). How are these singular relations to be ex-

i:)lained? They point to social conditions, and yet we should hardly

expect that the occurrence of a disease like tabes would vary with the

sex and position of the patients. We may therefore well inquire if

similar relations are met with in other affections. Yes, but really

only in two diseases—general paralysis and syphilis. The former

appears under precisely the same circumstances as tabes, and the lat-

ter differs only in that it makes its api^earance at an earlier age—on

the average, in the third decade. The explanation is not at first

sight easy with regard to tabes and general paralysis ; but the influ-

ence of social conditions upon the dissemination of syphilis is per-

fectly clear. Syphilis is acquired at the age when the sexual instinct

is most active and its legitimate gratification is often not possible, that

is, between the twentieth and thirtieth years. To these cases of adult

life, which constitute the vast majority, are to be added, on the one

hand, those in which syphilis is present from the beginning, that is

to say, is congenital, and on the other, those in which the disease is

acquired late in life, after the fortieth year.

It is worthy of note that in the tabes of childhood the difference

between the sexes is absent, which is explained by the fact that he-

reditary syphilis attacks both sexes with about equal frequency. In
acquired syphilis the male sex must be preponderatingly affected,

since its source is prostitutes, each of whom infects a large number
of men, while the latter only exceptionally spread the disease still
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farther. In the lower classes sexual intercourse is more facile than

in the higher, hence syphilis is readily disseminated among women
who are not professional prostitutes. Tlie men of the upper classes

gratify their sexual appetite for the most part with the women of the

lower classes, marry comparatively late in life, and, if thej^ have be-

come infected, generally take the precaution to postpone marriage

for several years. The number of prostitutes and the laxity of morals

are greater in the city than in the country and increase with the

size of the city. The classes the great majority of whose members
are virtuous are spared; those who f>ride themselves upon being " men
of the world" furnish the largest number of victims. Thus all the

apparent inconsistencies are at once and comjjletely explained and

can only be explained by the relation of tabes to syphilis. What
seemed mysterious becomes at once clear if we accept this connection.

The chronic disease, tabes, follows in the footsteps of the chronic dis-

ease, syphilis, but years always intervene. The interval between

syphilis and tabes varies greatly. It may range from two to twenty

years, in the majority of cases it varies from five to fifteen years, and

its mean duration is from seven to eight years. Everything that has

been said of tabes applies with equal force to general paralysis.

Whether it be regarded as tabes of the brain or as an independent

disease, the conclusions drawn from the study of tabes are equally

true of it, each chain of inferences strengthening the other.

We have then in the first place the statistical proof that the great

majority of tabetic patients are also syphilitic; secondly, the proof

that the peculiarities of the occurrence of tabes can be understood only

on the supposition of antecedent syphilis; and thirdly, it remains

to be demonstrated that only a slowly acting poison is conceivable

as the cause of tabes.

Tabes begins with lancinating pains in the legs and with vesical

disturbances, often also with impairment of the sight; there are

found at the onset reflex iridoplegia and absence of the knee-jerk

;

and, as a rule, both sides of the body are affected about equally.

From these facts we must conclude that the noxious agent which

causes tabes is present in the whole body, for one which acted locally

could not affect the head, the bladder, and the legs at the same time,

and could not produce approximately symmetrical symptoms. Now
a noxious agent cannot affect the entire body unless it circulates in

the blood. The cause of tabes must therefore be in the blood. Since,

however, certain parts only are affected, but the same parts in all

peoples, all classes, and in both sexes, the substance contained in the

blood must be able to make a selection. Mechanical conditions in the

human body which could exjilain this selection are not to be found.
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The functions of organs cannot be responsible for it, for the tabetic

exercises no function which is not also exercised by other men. Con-

sequently we can conceive of but two possibilities, viz., the power of

selection exercised by living beings, and chemical affinity—in other

words, we have to do either with bacteria or with a purely chemical

poison. Anatomical investigations lead to the same result. This

also discloses approximately symmetrical changes in different parts

of the body, in the optic nerve, in the midbrain, in the processes of the

spinal ganglion cells, and in the peripheral nerves. These changes

consist in the death of certain nerve fibres and cells, certain groups

within the fasciculi which subserve certain definite functions being

alone injured. From the simple appearance of the dissected tabetic

lesions one can conclude that such changes could be produced only

by a poison which circulates in the blood. But what poison except

that of syphilis could come into question?

Most authors have not been able to escape the force of all these ar-

guments. They believe, therefore, that tabes is " often" or " as a rule"

the result of syphilis, or they say that syphilis is " the most impor-

tant cause" of tabes. I believe that we should not stop here, that we
must regard syphilis as absolutely and always the cause of tabes.

According to the most trustworthy statistics ninety per cent, of the

cases is accounted for, the question now is with regard to the last ten

per cent. The leaders in the controversy, Fournier and Erb, are

checked by this last ten per cent, and it is urged against their views

that syphilis cannot always be the cause of tabes because in one out

of ten cases it is not possible to demonstrate the infection. I should

say we are rather to wonder at our success in ninety per cent, in view

of the difficulties, the obstinacy with which syphilis is denied, and

the frequency of unrecognized or concealed syphilis. Hirschel, of

Yienna, has found that in tertiary syphilis, when there was no doubt

whatever of the diagnosis, it was not possible to prove infection in

more than one-third of the cases. But, aside from statistics, the

voice of reason has also a right to be heard. When a disease with

marked characteristics is found it surely occurs to no one to suppose

that such a disease has now this, now that cause. Is it believed that

malaria arises to-day from plasmodia and to-morrow without them,

or that tetanus is produced at one time by Nicolaier's bacillus, at

another by taking cold? If in ten cases of epidemic cholera the

vibrios are found in nine but not in the tenth, it is surely not thought

that the tenth case originated, say, from dietetic errors, but the re-

maining nine from the cholera bacillus. But where is there a disease

that is more sui generis than tabes, which is unique in the perfect dis-

tinctness of its minutest characteristics? And this is the disease
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which is said not to have a single source ! The longer I reflect upon
it the more firmly I believe that tabes never originates without syph-

ilis, and I am convinced that this view will become universal at a not

very distant time. Tabes and general paralysis are metasyphilis, or

metasyphilitic nerve atrophy, i.e., primary atrophy of nerve tissue,

the conditio sine qua non of which is syphilis.

From the beginning the oi)i)onents of this view have laid stress upon
two facts : First that the anatomical changes of tabes do not resemble

those recognized elsewhere as syphilitic; second, that mercurj- and
iodine are of no value in tabes. These facts are correct. Tabes is

parenchymatous atrophy, not syphilitic neoplastic growth, and anti-

syphilitic treatment has not the same effect upon it which it has upon
the formation of gummata. In so far tabes does not resemble the

other manifestations of syphilis. This fact and the relatively late

development of tabes after syphilis I recognized in 1884 when I de-

nominated the former a sequel of the latter. The term " metasyphilis"

carried with it the same significance. I intended to express nothing

by the name as to the mode of the causal connection, with regard to

which nothing is as yet known. We can only refer to analogous re-

lationship. As Striimpell has correctly pointed out, tabes stands in

the same relation to syphilis as diphtheritic paralysis to diphtheria.

The differences are explained by the difference between syphilis and
diphtheria. The latter is an acute, the former a chronic infectious

disease, and tabes develops at a later period after infection and pur-

sues a more chronic course than diphtheritic paralysis, in corresi)ond-

ence with the chronicity of the original affection. That the tabetic

changes are as a rule incurable is explained by the fact that in the

parts of the nervous system which are attacked by it no regeneration

takes place in any case ; the lesions of the spinal cord after small-

pox, for example, are also incurable. In so far as the peripheral

nerve fibres are primarily affected in tabes, the tabetic symptoms are

curable. The most extraordinary feature is the progressive character

of tabes. Should it not follow its prototype, syphilis, with respect

to its course also? We can, it is true, remove the syphilitic symp-
toms by treatment, but we are not really able to check the course of

syphilis. In the strict sense of the word neither disease is always

progressive, for in many cases tabes may cease to advance for the re-

mainder of the patient's life. It is to be noted that tabes also not

unfrequently develops in exacerbations as does syphilis. Striimpell's

view that, in contrast with gumma, tabes arises not from the syphi-

lis bacteria themselves but from a toxin derived from them has been

widely approved. But at present the view is held that the tertiary

products also originate not from the simple presence of the bacteria
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but from the poison excreted by them. We should therefore be

obliged to assume the existence of toxins of various kinds. But all

these speculations are in the air, above the realm of facts. This is

even more true of Hitzig's hypothesis, which assumes that tabes owes

its existence to a j)eculiar poison which may be present not only in

the syphilitic chancre but in the soft chancre as well. I think that

the clinician should content liimself for the present with the facts,

and that he should let the bacteriologist and the chemist do their part

towards the solution of the problem.

It is stated by many writers that as a rule the syphilis which pre-

cedes tabes has been benign, inasmuch as the secondary and tertiary

symptoms have not been conspicuous. But exceptions to this rule

are not very rare. It might be inquired whether an infection which

is followed by metas} philis should be considered benign, and wheth-

er the condition of the majority of those infected is not the same as

that of those patients who develop tabes at a later period. This ques-

tion could be best decided by the syphilologists. Fournier believed

that tabes so often follows apparently benign cases of syphilis because

the antisyphilitic treatment has been insufficient in such cases. This

conclusion is manifestly open to criticism, and Fournier himself has

admitted that those whose treatment has been " sufficient" according

to his meaning of the word do acquire tabes. The further question

how many of the infected subsequently develop tabes cannot yet be

answered. Here, too, the syphilologists could be of assistance, but

their conclusions should not be based on observation of hospital cases.

It is certain that only a small part of the syphilitic become tabetic.

Consequently there must be reasons for the selection—-accessory con-

ditions or causes. We may suppose that chance often plays a part,

just as no especial explanation is demanded of the fact that one pa-

tient has, another has not an iritis or an orchitis syphilitica. In any

case, very little is known as yet as to the accessory conditions.

Accessory Causes.

The most natural assumption is that the parts which functionate

most actively are especially threatened. With regard to tabes the

following point seems to me worthy of note. The functional activity

of the nervous system, especially of its sensory portions, is in a cer-

tain sense proportional to the development of civilization. We may
therefore sui)pose that the danger of tabes grows as civilization ad-

vances, thus explaining the statement made in many quarters that

syphilis is frequent but tabes rare among certain uncivilized peoples.

It is also remarkable that notwithstanding the fre<iuency of hereditary

syphilis tabes ai)pears to be very rare in youth. Neuropathic condi-
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tions may also be regarded as an accessory cause. The neuroses also

increase with the progress of civilization and perhai:)S more rapidly

than the latter.

From my own exjierience the importance of heredity in tabes seems

to me to be very slight. I was probably the first to call attention to

this point (1879). Among Gl tabetic cases I found only 1 case in

which a member of the family had had tabes and only 6 in which
other nervous affections (paralysis, epilepsy, and nervousness) had
appeared in the family. At a later time Charcot and Striimpell ex-

pressed similar opinions. Erb found in 279 i:)atients 77 neuropathic,

and only twice an api:)arently direct hereditary' transmission—that is,

both father and son affected. Twice he found two syphilitic brothers

with tabes. Charcot's pu^jils alone maintain that nervous heredity

plays an important part. Ballet and Landouzy found in 101 cases no

known cause 52 times, certain syphilis 14 times, probable syphilis 11

times, undoubted nervous heredity 17 times, probable heredity 7

times. The slight value of these statistics appears from the small

number of cases of syphilis. Under the term, nervous heredity,

are comi)rehended all possible nervous diseases of the family. But I

will undertake to find among 100 patients of any kind 24 in whose
family nervous diseases of some kind have occurred. It is possible,

nevertheless, that the neurotic, if they become syphilitic, are in

greater danger of developing tabes than others, their nervous system

being, so to speak, a locus minoris 7-esistentue. The fact that two or

three cases of tabes or of general paralysis occur sometimes in the

same family seems to point to this. But such theories are pure as-

sumptions and it is certain that in the majority of cases of tabes

heredity plays no part.

That the abuse of alcohol is to be regarded as an accessory cause

of tabes I do not believe. It is but little considered in the statistics,

for I find it mentioned in only about ten per cent, of the cases. It

would probably be found that ten per cent, and more out of one hun-

dred men of the well-to-do classes who are not tabetic have indulged

in alcoholic beverages to excess. However justifiable the opposition

to alcohol may be, it should not always be made a scapegoat.

That the misuse of tobacco has anything to do with the causation

of tabes is a quite unproved and highly improbable assertion.

Exposure to cold is certainly not without importance. It was

formerly regarded as the chief cause of tabes and there are still

authors who so regard it. The patients themselves are apt to be

much in favor of this etiology. Sometimes they feel pains in the

legs which they and their friends regard as rheumatic. Hence they

draw the conclusion: "Since I have rheumatic pains, I must have
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taken cold." At otlier times the patients can really point to such

exposure which has preceded the first appearance of the pains. In

the latter cases it is natural to suppose that tabetic changes were

already present, but that the exposure to cold was the exciting cause

of the first pains, just as, when tabes already exists, attacks of pain

are not infrequently produced by cold. A greater importance is to

be ascribed to what may be called chronic chilling, living in damp
dwellings, working in the water, bivouacking in the field, etc. It is

conceivable that many a syphilitic would have escaped tabes if he had

not been exposed repeatedly to cold. On the other hand, countless

men endure such exposure without material injury, and in the greater

number of tabetic patients there is no history whatever of it.

More difficult of credence is the idea that overexertion is of influ-

ence in the causation. Almost all men are exposed to fatigue, but

tabetic patients are often less so exposed than many others. That

overexertion may be prejudicial to one who is already ill is evident

enough.

Much attention has been given to an examination of the question

whether there is a traumatic tabes. Hitzig has undertaken the task

of examining the cases reported under this title, and out of thirty-five

cases has selected six which could to some degree withstand criticism.

Even in these cases the proof that tabetic changes were not present

before the traumatism is generally wanting. That an injury alone

could produce tabes is so unreasonable that it is not necessary to

discuss it seriously. At most it could only be supposed that the

effect of the injury was to localize or make worse the original dis-

ease. It is not infrequently stated that the tabetic pains first ap-

peared in an injured limb. Tabes is of course sometimes combined

with traumatic hysteria.

It would be a waste of time to discuss all of the various things

which have been brought forward as causative of tabes, such as sexual

excesses, spermatorrhoea, puerperal processes, hemorrhages, acute

diseases, emotional disturbances, etc. These are of course all inju-

rious to and diminish the power of resistance of the body and so may
favor the development of any disease, tabes among others, but they

cannot be conceded to bear any direct relation to the tabetic process.

When it became evident that in the majorit}^ of cases tabes pa-

tients are syphilitic, and that tabes is only intelligible as the result

of an intoxication, many thought that perhaps other poisons besides

that of syphilis may occasionally be the cause of tabes. The obser-

vations of Tuczek, who found in ergotin-poisoning a chronic disease

with some tabetic traits and with degeneration of the j^osterior col-

umns, seemed especially to point towards this view, and the name
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" ergotin-tabes" was employed. That the affection in ergotin-j^oi-

soning is neither clinically nor anatomically genuine tabes Tuczek

himself has shown, and no one as yet has been able to find a poison

which can cause that disease. It is highly improbable that such a

l)oison exists, for in all pathology there is no example to show that

two poisons can produce precisely the same disease, least of all a

disease so sui generis as tabes.

Pathological Anatomy.

The clinical manifestations of tabes are those of a slow death of

nerve fibres and cells. It is quite certain that the first change is the

death of "the nobler parts, "the jjarenchyma, and that the implication

of the interstitial tissue and of the blood-vessels is secondary. The
explanation of the process probably is that, through the death of the

jjarenchyma, the impulses to growth latent in the subordinate tissues

are liberated, and that the products arising from the retrograde

changes of the parenchyma act as irritants to cause inflammatory

proliferation. The secondary changes reach a different degree of

development in different cases, this depending presumably in great

part upon the rapidity of the course of the disease, perhaps also upon
individual peculiarities. The parts first affected in tabes (aside from

certain localities in the brain) are the fibres which originate in the

spinal ganglia and run their course through the posterior columns of

the spinal cord, the fibres of the posterior roots. It appears that

the first changes of these fibres do not always become visible at the

same places, and that the degeneration is sometimes first found in the

root zone of the posterior columns, sometimes in the posterior roots

themselves. The cells to which the root fibres belong are those of

the spinal ganglia. The latter present at first little evidence of dis-

ease; they have been found in some cases apparently normal, in

others partly degenerated. The cell and its processes constitute a

physiological unit, and this unit is either healthy or diseased.

Whether the change manifests itself in the cell or in the processes,

the presence of either form proves that the whole is diseased.

The visible changes, as is well known, propagate themselves in

definite directions, i.e., towards the ends of the processes. The de-

generation of the processes of the posterior roots is followed by a simi-

lar degeneration of their continuations in the spinal cord. Hence the

distribution of degenerated fibres in the cord indicates the course of

the root processes. The changes in the posterior column in tabes

are very similar to those produced by section of the posterior roots.

The ascending root fibres lie first in the columns of Burdach, pass

Vol. XL—53
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inwards at a higher level and form the columns of Goll. Since, as a

rule, the roots of the lumbar cord are first affected in tabes, there is

found in the first stages of the disease a degeneration of the columns

of Burdach in the lower part and of the columns of Goll in the upper

part of the cord, and also, in the vicinity of the affected roots, a de-

generation of the entering root fibres. As the disease progresses,

cells of the spinal cord and their processes become affected and the

degeneration attacks the gray posterior cornua and the columns of

Clarke as well as the bundles of fibres which proceed from them.

The appearance of a cross-section of the cord must accordingly vary

with the height at which it is made and with the duration of the dis-

ease. A further cause of difference is that at the outset the same

fibres of the i^osterior roots are not always affected and that the dis-

eased roots are not attacked with equal severity. Clearly the ana-

tomical picture will differ if the roots of the lumbar or, as happens in

rare cases, of the cervical cord are alone affected from that seen if the

dorsal and cervical portions are involved simultaneously with the

lumbar portion. Yet the changes are always approximately sym-

metrical. In cases of tabes of long standing the whole posterior

columns, except a small tract beside the posterior commissure, are

degenerated. They appear to the naked eye diminished in size, in

transverse sections sunken and gray. Hence the designation for-

merly occasionally used for tabes—gray degeneration of the posterior

columns. The microscope shows that the little discs which repre-

sent the nerve fibres in cross-sections have disappeared and that the

tissue consists of wavy fibres—the proliferating glia. Occasionally

^^he pia spinalis is opaque and thickened over the posterior columns

%wnd sometimes a narrow band of degerferated tissue surrounds the

cord^—marginal degeneration. The vessels are often but little changed,

sometimes their walls are thickened, as is seen also in descending

degeneration due to cerebral lesions.

Morbid changes are found in tabes not only in the posterior roots

and in the posterior half of the spinal cord, but also generall}' in the

brain and in the peripheral nerves.

In the brain the cerebral nerves and their ganglia are especially

affected. The olfactory nerve is rarely implicated, although Pierret

found it quite atrophied in a case in which during life there had been

first delusions of smell and later anosmia. The weakness of sight or

the blindness of the tabetic is due to gray degeneration of the optic

nerve. The layer of ganglion cells of the retina is supposed to corre-

spond to the spinal ganglion. The nerve fibres of the optic nerve

appear to be first changed, Imt sooner or later tlie cells of the retina are

also affected. The x)rocess then advances centripetally, towards the
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corpora quadrigemina. The paralyses of the eye muscles as a rule

are due to degeneration of the nerve nuclei in the vicinity of the third

ventricle or to degeneration of the nucleus of the abducens. In the

nuclei the tine fibres between the cells have disappeared, the cells

tliemselves are in part shrunken and pigmented, in imrt have also dis-

apjjeared. At the same time with the implication of the nuclei there

is found degeneration of the root fibres and of the peripheral nerves

of the eye muscles. In a few cases only the latter or some branches

of the latter have been found degenerated, the nuclei not being af-

fected. In the trigeminus the Gasserian ganglion corresponds to the

spinal ganglion. From it arises the ascending spinal root of the tri-

geminus. This is found atroi:)hied, if trigeminal symptoms have ex-

isted during life, and wasting of the Gasserian ganglion has also been

demonstrated. The other cerebral nerves are similarly affected, but

with regard to them there are but few observations on record. In

tabetic deafness the auditory nerve has been found atrophied. In

paralyses of the larynx sometimes the nucleus of the vagus, some-

times only the peripheral nerve appears to be degenerated. In hemi-

atrophia linguae degeneration of the nucleus of the hj^poglossus of the

same side has been found.

The lesion which is the cause of reflex iridoplegia is not yet known.

It has been sought in the gray matter surrounding the third ventricle,

and evidently it must lie in the neighborhood of the iris nucleus.

But as it must be very minute it is not easy to find, and if extensive

degeneration is found in the midbrain one does not know how to dis-

tinguish this nucleus.

Even when no pronounced general i)aralysis has existed, not in-

frequenth^ slight changes of the cerebral cortex have been found

which in appearance and locality corrrespond to those of this paraly-

sis. They are probably to be so regarded, a slight mental impair-

ment having existed Avithout attracting attention.

Changes in the peripheral nerves appear to be present pretty regu-

larly. The nerves of the skin are found to have degenerated, and in

more advanced cases a part of those of the muscles as well. In dis-

eased bones the bone nerves have been seen to be degenerated, and in

the vicinity of the perforating ulcer of the foot and of similar trophic

disturbances the nerve fibres are generally completely destroyed.

As a rule, the number of the degenerated fibres diminishes as the

nerve ascends. In the large nerves, only a relativel}' small number of

degenerated fibres are usually to be found, and notwithstanding the

degeneration of the muscle nerves the anterior roots are normal.

Taking all these facts into consideration we must sa^^ that there

exists in tabes a widespread degeneration of the nervous system, but
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that the parts which subserve sensation are most regularly and most
seriously damaged. The centripetally directed process of the spinal-

ganglion cell degenerates throughout its entire extent, the ijeripheral

process, i.e., the sensory nerve, especially in its most distal portions.

It is evident that such a disease is correctly called a system dis-

ease, for systems, i.e., nerve structures which together perform a dis-

tinct office, are particularly attacked by it. Among other things, the

reflex iridoplegia is a proof that tabes is a system disease, for only

a selective process could reach constantly with infallible certainty

the minute spot in the brain which controls this singular symp-
tom. It is surprising that in opposition to these clearly ascertained

facts even modern authors have hit upon the strange idea of explain-

ing tabes by mechanical conditions, of thinking that a meningitis

could compress the posterior roots, and other similar absurdities.

If the question is asked, how far the individual symptoms of tabes

can be referred to the degeneration of definite nerve fibres, only an

unsatisfactory answer can be given. The fibres of the posterior roots

propagate stimuli centripetally ^ Disease of these is the most impor-

tant element in tabes. To this is due the fact that the most serious

disturbances are those of sensibility and of reflex excitability. The
pains, the paraisthesiae, the anaesthesia, the abolition of the tendon

and pupil reflexes, the relaxation of the muscles, the ataxia, the dis-

turbances of the bladder, of the intestine, and of the sexual organs

may all be referred without difliculty to disease of the centripetal

fibres. In details, however, difficulties arise, since often we cannot

explain the disease process by the anatomical findings nor is its ana-

tomical location always evident. If we say that the pains are due

to an irritation of the fibres of the posterior roots, the words do

not help us to conceive how the irritation originates. Especially

is the occurrence of the pains in paroxysms difficult to understand.

As a matter of fact not only the attacks of pain and the crises of tabes

in general are incomprehensible, but also epileptic con^^llsions and all

similar "discharges." The use of the word "discharges" seems to

suggest the idea that an explosive material collects in the diseased

nervous tissue which when it is present in sufficient quantity explodes

on any occasion.

The partial anaesthesia also presents difficulties to our understand-

ing. Relying upon old experiments upon animals, the value of which

is quite dubious, and upon the fact that in definite diseases of the gray

matter of the spinal cord (especially syringomyelia and hsematomye-

lia) partial anaesthesiae occur, many are inclined to make the lesions of

the posterior cornua responsible for the analgesia. Oj^posed to this

is the fact that the analgesia often appears early, while the degenera-
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tion of the gray matter is demonstrable only rather late in the disease

;

also the fact that analgesia occasionally occurs in neuritis likewise.

If there were especial fibres for pain—which I do not believe—the

analgesia could be easily explained.

Why in different cases the ansesthesia jjresents itself (juite differ-

ently, not only in its location and extent but also in its form, why
sometimes retardation of sensation, after-sensations, etc., can be de-

monstrated, sometimes not, we do not know. Nor do we know
whether it makes any difference if degeneration is found in the fibres

of the peripheral sensory nerve or only in the other process of the

spinal-ganglion cell, the fibre of the posterior root, whether the im-

plication of the ganglion cells in the degeneration is of importance

clinically, whether the lesion of the sensory paths in the gray sub-

stance has a different effect from lesion of the peripheral nerves, etc.

It is much more easy to decide the question as to the height of the

lesion, when certain symptoms are present. The answer is really

given by normal anatomy, in so far as this can inform us through

what roots the individual portions of the body are connected with the

central organ. Yet the knowledge we at present possess is partly

based upon the teachings of pathology. We know that the nerve

fibres which come from the bladder enter the spinal cord through

the posterior roots of the sacral cord, and that the sensory fibres from

the legs belong partly to the sacral, partly to the lumbar cord.

Thorburn and others have attempted to define the regions of the indi-

vidual roots. The fibres the injury of which causes the disappearance

of the patellar reflex enter the cord with the third or fourth lumbar

nerve. Westphal has taken the pains to ascertain accurately the part

of the spinal cord the degeneration of which causes the loss of the

knee phenomenon. In the trunk and arms our knowledge as to the

root regions is more accurate than in the legs. It is unnecessary to

enter into this subject in greater detail here. In the older text-books

statements are found to the effect that the ataxia is connected with

disease of the funiculus cuneatus and the vesical disturbances with

disease of the columns of GoU. These statements our present knowl-

edge shows to be without foundation.

Symptoms.

However numerous the symptoms of tabes may be, and however

varying may appear the picture of the disease, there are yet a few es-

sential symptoms which are always present, upon which the diagnosis

depends, and which by themselves may constitute tabes. These es-

sential symptoms are also generally the first to appear, and it is they

which characterize tabes incipiens. They are reflex iridoplegia,
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lancinating pains, disappearance of tlie knee plienomenon,, vesical

disturbances, and certain disturbances of sensibility.

Bejlex Iridoplegia.—This symptom was first pointed out by Argyll

Robertson and is therefore often called by his name. It consists in

this, that the pupil does not contract when light strikes the eye,

although it contracts rapidly and strongly upon convergence. It is

therefore to be carefully distinguished from paralysis of the iris. In

the former only the reflex contractility is absent, the motility remain-

ing perfect ; in the latter motility in general is lost. To demonstrate

reflex iridoplegia, therefore, it is never sufficient to prove that the

reaction to light is wanting—a good reaction on convergence must be

shown to exist. Paralysis of the sphincter pupillpe is observed in

various diseases, reflex iridoj^legia is found only in tabes and gen-

eral paralysis. I say "only," but strictly speaking that is in-

correct, for in very rare cases of focal lesions of the brain, espe-

cially of the region of the corpora quadrigemina, reflex iridoplegia

has been observed. But these cases are so rare, and there is so little

reason to fear that they will be confounded with tabes, that in practice

the above statement is correct. Some authors state that they have

found reflex iridoplegia occasionally in alcoholic subjects and in other

patients. It is, however, obvious that if one alcoholic subject oat of

one hundred has reflex iridoplegia, this is much more probably a

symptom of tabes than of alcoholism. For we know that reflex irido-

plegia may precede the other signs by years, and with the prevalence

of tabes it is to be supposed that among one hundred drunkards one

or more will be found with incipient tabes. Since reflex iridoplegia

is found in tabes only, since in the majority of cases it is the first sign

of tabes, and since it is objective and easily demonstrated, it is the

most important symptom of tabes.

Reflex iridoplegia is found in three-fourths of the cases of tabes.

In 1880 Erb examined 84 tabetic patients. Of these 59 had reflex iri-

doplegia, 12 very sluggish, weak, and imperfect reaction to light, and

only 13 had a normal light reaction. Similar figures have been ob-

tained in subsequent investigations. In some cases of tabes reflex iri-

doplegia is absent although the disease may have a duration of years.

If it appears at all, it is generally present from the first. As has al-

ready been said, it may exist for years a"s the only symptom. If it

alone is found, the diagnosis of tabes (or of general paralysis) may
in my opinion be made; but it should be added that the time at

which other symptoms are to be expected cannot be foretold. These

are, however, exceptional cases. As a rule, the ])atient comes to the

physician complaining of some of the symptoms of tabes. The first

thing that the latter should do is to examine the pupils. If he finds
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reflex iridoplegia the diagnosis is made ; if he does not find it, further

investigation is necessary.

The best way of testing for reflex iridojilegia is to place the pa-

tient near a window so that he can look out of doors. The j)hysician,

standing before him, covers the patient's eyes (whifth remain open)

with his hands, waits ten, twenty, thirty seconds and taking away his

hands observes one of the patient's eyes. Care must be taken lest the

light reflected from the cornea interfere with the view of the eye.

The examination is easier when the iris is light-colored and the pupil

is wide. If positive results are not obtained by this method the ex-

amination may be repeated in a dark room, and the light of a lamp or

light from a chink in the shutters may be allowed to fall obliquely

upon the eye. If necessary a lens may be used. Of course in every

method of examination care must be taken that the patient looks into

the distance and does not alter his accommodation. If the pux)il re-

mains immovable under illumination, i.e., if it is paralyzed for light,

the test for contraction on convergence should follow. The most
simple way of doing this is to have the i)atient look at his own nose.

Or he can be requested to look first out of the window and then into

the face of the examiner or at his finger. If the patient cannot con-

verge his eyes (in paralysis of the ocular muscles) the convergence

reaction is apparently absent. If the latter is absent in spite of con-

vergence the iris is quite paralyzed and then in the majority of cases

some form of ophthalmoplegia will be found to be present. In the

later stages of tabes entirely paralyzed pupils may also be found with-

out ophthalmoplegia, but not very often. In any case the complete

immovability of the pupil is a less characteristic sign of tabes than

reflex iridoplegia.

Reflex iridoplegia is generally bilateral, in rare cases unilateral.

In the latter, the light reaction is wanting not only under direct illu-

mination but also under illumination of the other eye ; while the pupil

of the other eye reacts both under direct illumination and under illu-

mination of the eye with paralyzed iris, i.e., the latter has lost not

only the direct but also the "consensual" reaction. The "paradoxi-

cal" pupillary reaction—that is, the apparent dilatation of the pupil

when light falls upon it—has been described as an especial form.

The condition in these extremely rare cases is really reflex irido-

plegia. When the covering hand is removed the pupil at first is

unchanged, but after a few seconds it dilates somewhat. The ex-

planation of this is that the patient exerted his accommodation

while his eyes were covered; when the accommodation relaxes

again, the pupil dilates. As has been said, the paradoxical reaction

is very rare.
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Slow and imperfect light reaction is to be distinguislied from re-

flex iridoplegia. Careful observation is necessary here, for not every

weak reaction is abnormal. To constitute abnormality there must be

a distinct difference between the light reaction and the convergence

reaction. The case is clear when the sluggish reaction is unilateral.

To properly discriminate the shades of difference in the pupillary

reaction practice is necessary.

Associated with reflex iridoplegia is generally a loss of pupillarj^

dilatation after painful stimulation. When the skin is pinched or a

sudden noise is heard the pupils of the healthy subject dilate, those

of the tabetic remain unchanged. Even during the violent, lancinating

pains of tabes the pupils generally remain contracted. Not only the

reflex contraction but also the reflex dilatation is consequently absent

in tabes. We may say that the pupillary reflexes are abolished.

However, the examination for reflex dilatation has hardly any prac-

tical value. It is also hardly ever necessary to test the pupils of the

tabetic by means of drugs. Atropine dilates the pupils in tabes,

but more slowly and feebly than in health.

Very often, besides defective reaction, there is also present an ab-

normality in the size of the pupils. Most frequently there is con-

traction of the pupils in tabes—myosis, which, as a symptom of tabes,

has also been called spinal myosis. Of forty-seven tabes patients of

Erb's with reflex iridoplegia thirty-seven had jpronounced myosis.

But reflex iridoplegia and myosis are two independent symptoms;

they may occur together or separately. The rule is that in time myo-
sis is superadded to the reflex iridoplegia. Myosi,'^ without reflex

iridoplegia is also met with in tabes, but not often. The degree of

the myosis varies of course. The pupils are often very much con-

tracted, so much so that their appearance attracts attention at the

first glance at the patient. Much more rare is mydriasis, but it does

occur, especially at the beginning of the disease. It may be unilate-

ral or bilateral and occur with or without reflex iridoplegia.

In moderate degrees of unilateral myosis or mydriasis one may be
in doubt whether the dilated or the contracted pupil is the abnormal

one, and sometimes this cannot be determined, but it is not a mat-

ter of importance. Difference in size of the pupils formerly played

a more important part than at present in the diagnosis. Yet such

difference is of great value as a danger signal, so to speak, which

immediately attracts attention and demands further investigation.

Small differences are of importance only if they arise during the

examination ; larger differences always constitute an important sign,

but the reaction is here still decisive.

Occasionally the tabetic jmpil is not circular but elliptical or ir-
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tegular in shape. TIuh deformity is, of course, to be clistiDguished

from that due to synechiae.

The Lancinafiiig Pahifi.—Tabes almost always first makes itself

known to the patient by pains. These are sometimes slight, some-

times severe, sometimes freciuent and sometimes infrequent, but are

probably never entirely absent. They are described by most i)atients

as resembling the i)ain caused by a stab or an electrical shock ; they

begin suddenly and last a short time, but return after an interval.

As in trigeminal neuralgia, the attacks of pain are composed of

groups of single pains and last a day, a night, or some days and
nights. Between the groups there msLj be minutes or hours of free-

dom from pain. In an attack the location of the pain either remains

the same or the pain appears in different places. The former seems

to me to be the more frequent. The pain rarely corresponds to the

course of a nerve; it is generally described as being in the flesh, or in

a part of the foot, as in the little toe, sometimes it is assigned to a

joint or to the skin. With deep as with superficially situated pains

the skin over the painful spot may be hypersensitive so that the pa-

tients avoid touching it. This sensitiveness often lasts some time

longer than the attack of i)ain. Many patients also state that the

pain bores through their limbs longitudinally. If the pain apjDears

in the trunk it generally presents itself as unilateral, more rarely

bilateral girdle pain ; occasionally only certain points in the back or

in the chest are painful. In the head the jjain may be very similar

to the common trigeminal neuralgia. Besides this most frequent

form, in describing which the expression " lancinating" or " fulgurat-

ing" is in place, other kinds of pains are more rarely observed, which

are described as constricting, boring, or burning, as if the foot lay in

an iron vise or as if a sharp iron or a glowing coal were thrust into

the flesh or into the bones.

As has been remarked, the severity of the pains varies greatly.

Some patients state that they have had no pain, and only when closely

questioned do they admit having had slight pains. The majority

have an attack of pain every few weeks or months. Unfortunatelj^

there are not a few who are tortured almost incessantly with pains, cr

at all events have more days with than without pain, so that the

designation " tabes dolorosa" may be used. The pains may be so

severe that even strong men writhe and cry out under them.

Exposure to cold and " changes in the weather" are often regarded

as exciting causes. Sometimes digestive disturbances seem to play a

part in the causation. In rare cases suggillations, which run the

course of an ordinary bruise, or groups of herpetic vesicles appear at

the location of the pains.
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The Absence of the Knee Phenomenon.—This sign has this in com-

mou with reflex iridoplegia, that it is an easily demonstrable objective

symptom, but it is by far not so characteristic, since any neuritis may
cause the disappearance of the patellar reflex. It disappears in

the great majority of cases of tabes and at a very early period, but its

absence must not be regarded as essential for the diagnosis, since

cases of tabes with preservation of the knee-jerk are not so very

rare, or at all events characteristic symptoms may be present be-

fore the patellar reflex disappears. It is best to test for the knee

phenomenon by having the patient seated with the foot resting by

the entire sole upon the floor, in such a position that the leg forms

an angle of about 60° with the thigh. The examiner places his left

hand upon the patient's quadriceps and with the percussion hammer
held in his right hand strikes a quick hard blow upon the middle of

the ligamentum patellae. One leg may also be crossed over the other,

or the patient may sit upon a table and let his legs hang free. If the

patient is in bed the examiner's left hand may be placed under the

knee, raising it until the leg and thigh form an angle of 60° to 70°. If

the contraction of the quadriceps is distinct, we may content our-

selves with the examination of the limb through the clothing. If,

however, the knee phenomenon appears to be absent, it is well to

make certain of the fact by repeating the examination with the limb

unclothed. It is always necessary for the patient to relax his leg-

muscles. This is facilitated by the so-called Jendrassik's method,

which consists in the patient's interlocking the finger of his hands

and then pulling strongly as if he would tear his hands apart. The
fists may also be clenched or the palms of the hands pressed against

each other, etc. With practice it is easy to tell if the knee phenome-

non is absent in tabetic patients; the percussion of the ligamentum

patellae produces a peculiar " dead" sensation, for the elasticity of the

ligament has disapjjeared.

The patellar reflex does not usually disappear suddenly in tabes,

it first becomes weak. If an examination is made at that time

a barely perceptible contraction of the quadriceps is detected, or on
repeated examinations the knee phenomenon is demonstrable at one

time but not at another. It also occasionally first disappears or be-

comes weak in one leg only. Such difl"erences are alwaj^s suspicious

and demand further investigation. Transitory increase of the knee-

jerk may occur at the beginning of tabes, but this is rare. If the ten-

don reflexes are increased, the question always arises whether the

case is not one of general paralysis with tabetic symptoms.
If the knee phenomenon is abseiit in tabes the other tendon reflexes

of the legs are also abolished. The tendon reflexes of the arms may
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also be absent at au earl}^ but more frequently at a late stage of the

disease. Occasionally in tlie so-called tabes descendens the disap-

pearance of the knee phenomenon may follow that of the triceps reflex.

Vesical Disturbances.—These are very imi^ortant diagnostically,

since in tabes they are the rule, in neuritis the rare exception. But
they must be inquired for, since they are often slight, in which case

the patients are not apt to mention them. Sometimes the patient is

obliged to wait longer than formerly before the urination commences,

the stream becomes feeble and straining is necessary to evacuate the

bladder ; sometimes, on the other hand, the evacuation takes place too

easily, so that the patient is obliged to hurrj^ when the call to urinate

occurs, and occasionally a little urine flows away during coughing,

laughing, on sudden changes of position, and in sleep. More serious

disturbances in the first stages of tabes are rare. Retention and true

incontinence of urine occur only exceptionally; in the later stages

they are frequent. Sometimes the patients regard the bladder trouble

as the chief disease and on that account go to a surgeon, who if he

recognizes their true nature sends the patients to the neurologist.

Leimbach has recently published interesting statistics as to the

frequency of the signs of tabes discussed above. They are derived

from Erb's material. Of 400 tabes patients, in 92 per cent, the knee

phenomenon was absent; in 4.25 per cent, it was present, but abnor-

mal (together, 96.25 per cent.) ; 88.25 per cent, had lancinating pains;

80.50 per cent, had vesical disturbances; 70.25 per cent, had changes

in the pupillary reaction, and 48.25 per cent, had changes in the size

of the pupils. The tabes had begun with lancinating pains in 67 per

cent, and with vesical disturbances in 22.5 per cent. Of 100 tabes

patients whose disease had had a duration of from one to two years

there were changes in the tendon reflexes of the legs in 100 per cent.,

and in the pupillary reaction in 63 per cent.

Disturhances of Sensibility.—Under this head I include paraesthesise

and anaesthesia, as well as the disturbances of motility dependent

upon them.

Parcesthesice are often among the earliest signs. The patients com-

plain especially of parsesthesise in the legs and in the region sup-

plied by the ulnar nerve, and of the so-called "girdle feeling." Thej^

say that they have the sensation as if the soles of their feet were

"asleep," or as if they walked upon cotton or fine sand. Ants ap-

pear to run over the skin of the legs (formication) ; there is a pecu-

liar sensation of numbness. A burning sensation is rare. Very often

it is said that the feet or the feet and legs are uuendurably cold.

Sometimes the parsesthesise first manifest themselves in the region of

the buttocks or in the sexual organs.
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The girdle feeling is generality first felt below the navel. In the

course of the disease it maj^ advance upwards, or it may from the

first feel like a band about the chest. It does not always completely

encircle the trunk ; it may be unilateral, or the patients may describe

the sensation as the pressure of a flat surface upon the chest or in

the pit of the stomach; sometimes it appears to them as if a constrict-

ing girdle were really placed about them, sometimes there are simply

undefined painful sensations.

The ulnar paraesthesise manifest themselves mostly as formication

or numbness of the fourth and fifth fingers. Many patients have such

sensations on the ulnar surface of the forearm as far as to the elbow.

Much rarer than the forms already described are x^araesthesise of

the face. The feeling may be as if the face were covered with cob-

webs or as if a mask were stretching and compressing the skin of the

face. Charcot has called this singular symptom "Hutchinson's

mask." I have seen it once as the first symptom of tabes. Other

trigeminal symptoms are often present with it.

In testing the sensibility, in spite of the parsssthesiae, no so-called

objective disturbances of the sensibility may be detected. As a rule,

however, they are to be found. For a clinical examination of the skin

it is amply sufficient to test the sense of touch by light contact with

the finger or a small brush, to test the sense of pain with a needle, and

the temperature sense by means of cold and warm objects.

In the legs of the tabetic there are generally found at the outset

lessened sensitiveness to pain and either slight or no diminution in

the sense of touch. The latter is first found diminished on the soles

of the feet. Elsewhere hypalgesia decidedly predominates. Only

moderately severe pricks with a needle are felt to be painful ; at a later

period pricking is not felt as pain at all, only as a sensation of pres-

sure ; a fold of the skin can be pierced without the knowledge of the

patient. As a rule, as time goes on the disease progresses, the region

of hypalgesia advances upwards from the feet, but a certain degree of

anaesthesia is often found at an early period in the buttocks and their

vicinity. Sometimes the hypalgesia appears in irregularly bounded
and irregularly distributed patches. On the borders of the hypalge-

sia or between the hypalgic zones, it is said that hyperalgesia is often

found. Sooner or later, in addition to the hypalgesia a diminution

of the sense of touch is also manifested. The temperature sense may
be apparently normal for a long time, but supersensitiveness to cold

is common. In cases of long standing there may be complete an-

festhesia of the legs, or even of the greater part of the body, but in

very many cases the anaesthesia remains incom]ilete to the end. M.
Labr has demonstrated a diminution of sensibility for gentle contact
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in the trunk of tabes patients at an early stage of the disease. It

generally first shows itself beneath the breast, then near the soai)ula,

and finally it forms a zone which completely surrounds the body, and
the symmetry of which is more pronounced along its u^jper than

along its lower border. Sensibility for pain ai)pears at first not to be

affected ; at a later time it diminishes. The temperature sense is also

long i)reserved. If the anaesthesia involves the arm, it first shows
itself in the axilla, then appears on the ulnar side of the arm, and
finally on the radial side. The anaesthesia appears in the fingers with

a certain independence. It sometimes involves all the fingers, some-

times only the ulnar, sometimes the median, or with apparent capri-

ciousness it may attack only a certain number of fingers. Generally

there is diminution of the sense of touch with hypalgesia. On the

head, parts or the wdiole of the region of the trigeminus, including the

mucous membranes, may be hypalgic, hyperaesthetic, or rarely quite

insensitive. Marked hyperaesthesia is everywhere rare, aside from

that which accompanies the lancinating pains, but slight hyperaes-

thesia or hyperalgesia may occur in limited areas.

The so-called retardation of the conduction of pain is very fre-

quently combined with the analgesia. The patient does not feel the

prick at once but only after one-half, one, two, or more seconds.

Leimbach found this retardation of the sense of pain in 36.5 per cent,

of tabes patients. Sometimes there is a so-called double sensation,

i.e., the patient feels the prick as a touch and only afterwards as pain.

Occasionally a retardation of the sense of touch also is found, contact

being at first not at all perceived, but subsequently correctly located.

A painful aftor-sensation also occurs, i.e., the pain of the prick lasts

much longer than would be expected, or the prick may not be felt at

all at first, but after a time the patients complain of a violent and

continued pain. Polyaesthesia and allocheiria are rare phenomena

which have been described. In the former instead of one touch two

or three are felt; in the latter a touch upon the left limb is felt upon

the right, or vice versa. In case of both of these symptoms there is

probably a psychical perturbation—incorrect appreciation of indis-

tinct perceptions.

Insensitiveness of the deeper parts appears to be both earlier and

more frequent than that of the skin, but is more difiicult to demon-

strate. Diminution of the muscular sense is often spoken of, but in

reality the condition appears to be a diminution, in the first place, of

the joint sensations and then diminution not only of those of the

muscles but also of those of the tendons. In testing for these we see

if the slightest movements of the joint, which the healthy subject per-

ceives, are still felt. While the patient's eyes are closed, we place
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his limbs in certain positions and liave liim describe them or imitate

them with the other limb. Or we have him execute prescribed move-

ments, or have him estimate weights bj movements, etc. The sim-

plest and most trustworthy test for disturbances of sensibility in the

legs, which are especially important in tabes, consists in requiring

the patient to stand still with closed eyes. If then his joints and

other tissues are not normally sensitive, he cannot completely main-

tain his equilibrium, he totters. Unsteadiness when the eyes are

closed, or Romberg's symptom, is an important and early symptom
of tabes. Leimbach found it in 88.75 per cent, of tabes patients and

in eighty per cent, of the patients in the first two years. If it is very

marked, the patient cannot keep himself upright when he closes his

eyes, but falls down. But in the beginning of the disease Romberg's

symptom is detected only when the patient stands with his feet close

together. We may also see if the patient can stand upon one foot

with closed eyes, but it must not be forgotten that this is not possible

for many healthy individuals. Romberg's sjanptom is generally

noticed during the examination of the pupils. The patients have

often perceived it themselves. They state that they are unsteady in

the dark or that they totter if the}'' dip their face in the basin when
washing themselves.

If the insensitiveness of the deeper parts increases, movements in

general become uncertain. This is called the ataxia of tabes. Ther^i

has been much disi)ute as to whether ataxia depends ufton anaesthesia

or not. As far as tabes is concerned, it seems to me certain that the

ataxia is simply an effect of the anaesthesia, especially of'the defective

joint sensibility, with perhaps the aid of parsesthesise in the deep

tissues. The process is essentially as follows : The patient having

lost the necessary control over his movements supplied by the sensi-

bility of the joints and other tissues, seeks to supply the lack by the

aid of sight, and therefore when he walks follows the movements of

his legs with his eyes; on the other hand, he seeks involuntarily to

compensate for the disturbances of innervation by an increased ex-

penditure of force, so that he kicks and flings his legs about.

To demonstrate slight ataxia of the legs in tabes the patient is re-

quired to execute a variety of movements, while standing up and while

lying down, and first with open, then with closed eyes. He is told to

march forward, to " about face," to walk a line, at the command to sit

down and stand up again quickly, to descend steps, to bend his

knees. Marked ataxia betrays itself, when tlie patient is recumbent,

even by the simple raising of a leg—a movement which is not per-

formed steadily but by jerks and with lateral deviations.

More delicate is the knee-heel test, i.e., touching one knee with the
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lieel of the otlier foot, both heels being employed in this way succes-

sively. The ataxic does not succeed in touching his knee in this man-
ner, or only does so after several unsuccessful attempts. It is also

customary to direct the patient to describe a circle with his foot.

Sometimes slight ataxia is more readily detected by the last-named

series of exercises, sometimes by those performed during standing or

walking. If the ataxia is pronounced, the familiar ataxic gait is pro-

duced. The ])atient walks with his body bent forward, in order to

keep his eyes directed upon his feet. He flings forward his foot and
lets it fall heavily upon the ground, striking first by the heel, and over-

extends his knees. If the ataxia increase, the flinging and stamping

gait is disturbed by lateral movements, the steps become unecpial, and
finally the jiatient can no longer walk at all, because his legs fly about

in the air and the unpurposed movements are in i)reponderancy. In

this severe form of ataxia a marked anaesthesia is generally also pres-

ent. The patient has no idea as to the position of his legs, if he can-

not see them; he "loses them in bed." The fact is well known, that

in baths which are much frequented by the tabetic, if several patients

are bathing in the same tank, occasionall}' a leg is i)rotruded from

the water and no one knows whether it belongs to him or to his

neighbor. No fixed relation, however, between the ataxia and the

anjesthesia can be demonstrated, because the former is the individual

reaction of the latter. The ataxia presents itself in forms varying

with the idiosyncrasy of the patient. In women, for example, the

stiff, flinging movements are almost never seen. Their movements
are rather uncertain and awkward. The ataxia appears, as a rule,

at a late stage in the arms, but in some cases the arms become ataxic

before the legs. At first the more delicate movements become diflicult

—writing, sewing, etc. The patients feel themselves impeded in

dressing especially, because their hands are incapable of performing

the movements of buttoning and tying, if the eyes cannot follow them.

Violent movements may also intrude themselves here, which interfere

with the performance of every act. Ataxic movements of the muscles

of the face, jaw, and tongue are very rare. In contrast with the ataxia

on motion, the locomotor ataxia, a static ataxia has also been de-

scribed. By this is meant that movements occur even when the pa-

tient desires to keep quiet, that when he sits the trunk sways, the ex-

tended foot or hand moves here and there. These movements pass

into the spontaneous movements to be described further on, the athe-

tosis of the anaesthetic subject. Static ataxia is not an independent

symptom but merely the expression of a high degree of ataxia.

Just when ataxia will make its appearance in tabes cannot be pre-

dicted
J
as a rule years pass ; in some cases it develops in the first
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years of the disease, indeed exceptionally it may be among the very

first symptoms. Formerly it was given undue prominence as if it

were the chief symptom of tabes. The name " locomotor ataxia" is

an expression of this opinion. It is true that ataxia is the most

striking symptom; by means of it tabes patients may be recog-

nized as such on the street, but many patients die without having

become ataxic, and in my consulting practice the tabetic patients

without ataxia decidedly outnumber the ataxic. Leimbach found

74.75 per cent, ataxic. In seventeen per cent, of the cases the tabes

had begun with ataxia of the legs. But this statement is manifestly

based on the history as given by the patient, and this of course is not

always correct. It is to be especially noted that while generally the

ataxia begins slowly and insidiously, sometimes it develops as an

acute affection so that in a few months or even a few weeks the patient

who was previously not ataxic becomes unable to walk. After such a

violent evolution there almost always follows a retrocession in the

symi)toms so that gradually some of the disturbances disappear.

Some of the other phenomena of tabes are manifestly dependent

upon loss of sensibility. With the changes in the sensibility of the

skin the skin reflexes also change. In contrast with the tendon re-

flexes, these are generally well preserved at the outset. They disap-

pear only when the anaesthesia is marked. The state of the sole

reflex in hypersesthesia of the sole varies
;
generally it is simply di-

minished, but sometimes it is absent. If there is retardation of

sensation of pain, a contraction of the foot sometimes first occurs

simultaneously with the exclamation of the patient, which is mani-

festly an involuntary movement, but of cerebral origin, not a spinal

reflex. Occasionally, however, a contraction follows a puncture im-

mediately, and when the retarded sensation from the puncture is i)er-

ceived the foot either remains motionless or twitches again.

More important than the results from the cutaneous anaesthesia

are those arising from the loss of sensibility^ of the deeper parts.

The involuntary or reflex muscular tension, generally known as
" tonus," which is constantly present in the healthy subject, probably

depends upon the fact that the central organ is properly served by the

sensations, especially the joint sensibility. If the centripetal stimuli

are deficient, the muscular tension, the tonus, relaxes. The extinction

of the tendon reflexes is perhaps to be regarded as a manifestation of

this phenomenon. The relaxation of the muscles of the tabetic often

attracts attention through both the sense of sight and that of touch.

The fact that in some tabes patients passive movements of great ex-

tent may be performed may depend in part upon the relaxation of the

muscles and of the tendons, and in part directly upon the loss of sen-
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sibility. If a healthy man lies tipon his back, his knee being ex-

tended, flexion of the thigh cannot be carried far, for the subject soon

feels pain and the flexors of the leg become tfensely contracted ; but in

some tabes patients the leg can not only be brought to the vertical

but can even be approximated to the trunk without material resist-

ance and without causing pain.

Sometimes involuntary movements of the insensitive limbs occur,

which must be distinguished from ataxia. Occasionally, for example,

the toes of the recumbent patient are seen to execute slow movements

of flexion and extension, which the patient cannot control or of which

he is unconscious; or some fingers of the outstretched hand are

flexed and extended or abducted and adducted, or the whole hand is

raised and lowered. These and other similar involuntary movements

are CLlled spontaneous movements or, according to their character,

athetosis or choreic movements.

Biernacki has seen many tabes patients in whom' strong pressure

upon the ulnar nerve at the elbow caused no pain, although healthy

persons always feel pain from it. This observation has been con-

firmed several times. In France attention has been called to the in-

sensitiveness of the testicle to pressure. The severe pain alwaj^s

caused in the healthy man by this procedure is often entirely absent

in tabes patients, even strong pressure producing no painful sensa-

tion.

It is difiicult to say how far the weakness of the legs of which the

tabetic often complains depends upon the loss of sensibility. Certainly

the legs, the muscles of which are relaxed and the movements of

which are no longer regulated by normal sensibility, become quickly

weary, and there is no doubt that a great part of the muscular weak-

ness, which can frequently be objectively demonstrated, is thus to be

er.plained. It is generally stated in the text-books that the strength

of the patient is unimpaired, the incoordination only simulating

muscular weakness. This is certainly not always true. In very many
tabetic patients the movements are remarkably feeble. The fact ex-

ists, however it may be explained. After a time a certain degree of

diffuse muscular atrophy is usually developed. Leimbach found that

there was a feeling of weakness and that the legs easily became tired

in 62.25 per cent, of tabes patients. In 19.5 per cent, weakness of

the legs was the first sign of the disease.

—

The Cranial Nerves.—The numerous other symptoms of tabes are

difficult to classify. For the sake of simplicity we will begin with

the affections of the cerebral nerves.

Symptoms on the part of the olfactory nerve are very rare. Oc-

casionally disturbances of the sense of smell, such as loss or illusions

Vol. XI.—53
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of it, liave been described, but as yet it is not possible to make any

trustworthy statements with regard to it.

On the other hand, one of the most important symptoms of tabes,

not on account of its frequency but because of its significance for the

patient, is atrophy of the optic nerve. Statements differ as to the

frequencj^ of its occurrence. Leimbach found it in only 6.75 per

cent, of the patients. Gowers, on the other hand, met with it in fif-

teen per cent., while other statistics give about ten per cent. All are

agreed that it develops almost alwaj^s in the first stage of the disease,

although exceptions of course occur. It seems that it may even be

the first sign. In one case I saw it present when the pupillary reac-

tion and the knee phenomenon were normal, disturbances of sensi-

bility onlj' developing a year later.

According to Leimbach it is the first sign in 1.5 i^er cent, of the

cases. By the ophthalmoscope at first a paleness of the papilla, es-

pecially on the- temporal side, is recognized, but the borders of the

papillae are sharply defined and the blood-vessels are unchanged. At

a later period the JDapilla has a white color which may have a grayish,

bluish, or greenish tinge. The veins then appear dilated; the arteries

are, if anything, contracted. Notwithstanding the clinical differences,

the oi)hthalmoscopic changes appear to be about equally diffused.

The picture is often nearly the same in both eyes, although their

vision may be quite different. In rare cases in spite of the ambly-

opia there is nothing abnormal to be seen in the fundus at first,

visible changes in it only developing subsequently . More often the

oculist finds the latter already present, before the patient has noticed

a diminution in his power of sight.

Atrophy of the oi)tic nerve manifests itself by amblyopia, color

blindness, and contraction of the field of vision. Some patients com-

plain of a mist which interferes with their sight; others simply notice

that their eyes are failing. Generally the condition develops first in one

eye, or at least is noticed in but one eye. But sooner or later the other

eye is always attacked also. In fact it is very remarkable that a true

unilateral atrophy of the optic nerve never occurs, although the other

cere])ral nerves may be affected on one side only. The difference be-

tween the eyes often persists for years; one eye may even be quite

lilind, while the other sees tolerably well. The final outcome, however,

is blindness of both eyes. How much time will elapse before this

occurs cannot be determined at the outset. Sometimes the amblyopia

])rogresses rapidly at first and then remains stationary for a consider-

able period. It is well not to express a too unfavorable opinion, for

many ])atients pass through some years with tolerable comfort. But

there are malignant cases also, in which blindness resiilts (|uickly.
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Color })liudness and contractiou of the field of visiou do not always

keep pace with tlie amblyopia. Color blindness especially may ap-

pear first and in a certain sense independently. Green and red usu-

ally disapi^ear first, then yellow and blue. Some jjatients see every

thing gray in a gray field.

The field of vision is generally found concentrically contracted in

amblyopia, but may also have jagged and irregular borders. Now
and then the field of vision may remain approximately normal al-

though the acuity of vision is much reduced. In a few cases hemi-

anopsia has been found or defects corresponding to about a quadrant

have been seen. Gowers thinks that since the ophthalmoscope re-

veals no corresponding lesions in the retina, a lesion of the chiasm is

to be assumed as the cause. But there may be a complication pres-

ent, an occipital focal lesion. Central scotoma is of very rare occur-

rence in tabes.

It is a singular fact that atrophy of the optic nerve appearing early

in the disease seems to have an inhibitor}^ effect ujjon the develop-

ment of tabes. This was first shown by Benedict. Gowers, Martin,

and others made the same observation later. It is quite certain that

patients with atrojjhy of the optic nerve often have remarkably few

symptoms, little pain and little angesthesia, and hence no ataxia.

The latter appears finally, but fifteen, even twenty years may elai)se

before its appearance. If, on the other hand, this atrophy occurs

later, when ataxia is already present, there is no evidence of " inhi-

bition."

The tabetic paralyses of the eye muscles constitute an interesting

chapter. In the first place it is to be remarked that the majority of

all paralyses of the eye muscles in adults are of a tabetic nature.

This is not sufficiently recognized, first because these paralyses may
be among the first symptoms, and secondly because they are very

often transient. Almost every paralysis of the eye muscles brings the

patient to consult the physician. If no other striking symptoms are

present, a rheumatic or syphilitic paralysis is diagnosticated, and if

the affection disappears in a few weeks, the physician regards the

diagnosis as confirmed by the result of the treatment. It may be said

that every paralysis of the eye muscles which develops without pain

in a hitherto healthy person of middle age makes tabes very probable,

for the paralyses of tertiary syphilis are almost always accompanied

with pain, as are also the very rare rheumatic paralyses, i.e., those

dependent upon a neuritis of unknown origin, and recurrent paraly-

sis of the oculomotorius nerve. Multiple sclerosis may cause

paralysis similar to that of tabes, but is a much rarer disease.

The sooner the tabetic paralyses of the eye muscles develop the
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more transient are they. They last one or two weeks or one or

two mouths. But if they have once appeared, their return is not im-

probable, and not infrequently these transitory forms pass finally

into permanent paralysis. The initial paralyses often attack but one

muscle, most frequently the externus, sometimes the internus or

the levator palpebrre or the obliquus superior. The more extensive

the paralysis the more probable is it that it will not entirely dis-

appear. However, an almost complete ophthalmoplegia may disap-

pear entirely. It is rather characteristic that even when the paraly-

sis is limited, the other eye muscles often show signs of weakness.

If, for example, an externus is paralyzed, it is often noticed that the

other externus becomes fatigued when acting strongly, this being

shown by slight nystagmus-like twitchings. Occasionally such

twitchings are seen in all the extreme positions of the eye—a pro-

drome of ophthalmoplegia. Besides the double paralysis of the

externi, double ptosis, a light ptosis in which only the upper part of

the puj)il is covered, is occasionally seen, and all forms of paralysis of

the eye muscles may occur, such as paralysis of the motor oculi, uni-

lateral or bilateral, and complete or incomplete ophthalmoplegia ex-

terna. Progressive ophthalmoi^legia (or ophthalmoplegia externa) is

the most important form of the permanent paralyses of the eye mus-

cles in tabes. Hutchinson first described it. In it all the external

eye muscles become gradually paralyzed, but the internal muscles are

spared. The eyes are attacked simultaneously or in succession. The

course of the asymmetrical aifection is irregular and even at the last

all of the muscles are usually not implicated to the same degree. The
pupils are also usually paralyzed reflexly and are often also con-

tracted.

Much rarer than paralysis of the external is paralysis of the in-

ternal muscles of the eye. This manifests itself either as ophthalmo-

plegia interna or as a paralysis confined to the ciliary muscle. In

the former we find loss of accommodation and paralysis of the dilated

pupil. Ophthalmoplegia interna occurs unmixed with other paraly-

ses at the beginning of tabes and is then generally unilateral. If the

history of the individual does not exclude the possibility of tabes, the

presence of this paralysis renders it highly justifiable to suspect in-

cipient tal:)es. The suddenly developed and transient unilateral loss

of accommodation, first described by Fr. Miiller, is also wortln' of

mention. In the later stages of tabes the paralysis of the internal

muscles may supervene upon paralysis of other ocular muscles. The
reflexly paralyzed pupil then becomes completely paralyzed, but

generally does not dilate.

The pains, the ])ara)sthesia}, and the anrosthesia in the region of
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the trigeminus Lave already beeu mentioned. So-called trophic dis-

turbances may occur with the disturbances of sensibility, and also

paralysis or atrophy of the muscles of mastication. Of the trophic

disturbances especially to be noted is the tabetic slieddinj^ of the

teeth. The teeth of the patient become loose and fall out without

suppuration,, generally even without pain. Often the patients pull

out the loosened teeth with their fingors. One of my patients had
thus cleared the entire upper jaw and carried the apparently normal

teeth about in her pocket. Sometimes portions of the alveolar

margins also become loose. The alveolar border always atroj)hies

after the teeth fall out, and the lower jaw may become exceedingly

narrow. The sensory trigeminus symptoms in cases in which the

teeth are shed are sometimes marked, sometimes slight. In any case

there is no direct relation between the disease of the jaw and the an-

aesthesia. In one patient of Tallin's there were only a tickling in the

pharynx and the sensation of a lead cap upon the head ; in another,

only the left half of the face was anaesthetic and the muscles of mas-

tication were atrophied only on the left side, although the teeth had
fallen out on both sides. In a patient of Dolbeau's who had had
such strong teeth that " he could crack one hundred and fifty apricot

kernels in one daj^" all the teeth and a number of pieces of bone had

fallen out without pain. In this case the atrophied jaws were cov-

ered with healthy mucous membrane and the cavities of the maxillae

were open so that the finger could be inserted into them ; there was

also a severe keratitis. Necrosis of the cornea, the so-called oph-

thalmia neuroparalytica, is very rare in tabes patients, but it does

sometimes occur as this case shows.

Recentlj^ tabetic ulcers of the mouth have been described and

have been regarded as mal perforant of the mouth. As far as I

can see, in all cases they have been ulcers which were connected with

the loss of the teeth, and it may be surmised that their cause was the

formation of sequestra. In L. Wickham's patient, for example, the

teeth had previously fallen out, the alveolar process was in part de-

stroyed, and the diseased tissues were insensitive ; the sound encoun-

tered carious bone at the bottom of the ulcer, which was surrounded

by an elevated margin and was covered with thin and ill-smelling

pus. In other cases the maxillarj^ cavities were open. In a case of

LetuUe's the mal perforant had destroyed the right half of the velum

of the palate and a portion of the upper jaw; all the teeth of the

upper jaw had been lost; the course was painless throughout. Ta-

betic salivation may also perhaps be regarded as a trigeminal symp-

tom. At all events, trigeminal symptoms are mentioned in almost

all of the cases, such as severe facial pains, facial paraesthesiie, and
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falling out of tlie teeth. The flow of saliva, the sialorrhoea, oc-

curs usually in the form of attacks, .;hich last a few daj^s and during

which great quantities of saliva may be discharged (about 500 gm.

in twenty-four hours). .The flow of tears, the epiphora of the

tabetic, which is occasionally met with is to be regarded in the

same way as the sialorrhoea.

Paralysis of the masticatory muscles is generally unilateral, and
all the muscles of the affected side appear to be attacked. The mus-

cles waste, a pit is felt in the situation of the temporal, and the jaw is

deviated by the action of the normal pterygoid muscles of the other

side.

Disturbances of the sense of taste are very rare in tabes. It is

reported in exceptional cases that taste was absent upon the an-

terior part of one-half of the tongue (in the presence of other tri-

geminal symptoms) or that a patient was found with no sense of taste

whatever, or with a morbidly altered sense. It is remarkable that the

facial muscles are very rarely attacked in tabes. It is true that

paralysis of the facial nerves sometimes occurs, but not every facial

paralysis in tabes patients is of a tabetic nature. We may also doubt

whether spasm of the face may not be due to some complication. I

have twice seen convulsive tic in tabes patients in whom there was no

trigeminal affection.

Both the disturbances of hearing and giddiness may be regarded

as symptoms of involvement of the auditory nerve. Some authors,

for example P. Marie, have found the so-called Meniere's symptoms
in a considerable number of their cases of tabes. These are subjec-

tive noises with attacks of giddiness. The noises were described as

like the whistling of locomotives, or the sound of rushing or boiling

water, or the sound of bells. The patients felt themselves impelled

forward or to one side or as if they were being whirled about or as if

sinking. Some had giddiness even in bed ; they imagined that they

were falling out, or were revolving with the bed. Deafness was gen-

erally present, but this was not dependent upon diseases of the nerve

of hearing but upon affections of the middle ear not of a tabetic

nature. According to the views of other authors with whom I agree,

Meniere's disease is rare in tabes. Of course all giddiness is not to

be referred to the semicircular canals. Its cause is often paralysis

of the eye muscles. Many patients become dizzy if they look u])-

wards, though nothing abnormal may be found in eye or ear. Some
attacks of dizziness are probably slight epileptic attacks.

Disease of the auditory nerve is rare, but does occTir. A unilateral

or bilateral deafness is then present wliich gradually becomes com-

plete. Irritative phenomena may or may not occur at the beginning.
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Among symptoms of the vagus and accessory nerves the laryngeal

crises and paralyses are the most important. Both conditions gener-

ally occur together, although the one is not dependent i\Y>on the other.

The common laryngeal crises somewhat resemble an attack of whoop-
ing cough. A sensation of pricking, tickling, or choking in the throat

generally precedes the attack, but the spasm may also develop quite

suddenly. A long noisy inspiration is succeeded by short, quick

coughs and finally a small quantity of mucus is expectorated. These

attacks differ greatly in duration and severity. Contrasted with them
are the still more severe attacks in which suffocation, loss of conscious-

ness, and epileptic convulsions endanger the life of the patient. There

is first a burning in the larynx followed by a feeling of suffocation,

the patient can no longer stand, he struggles painfully to breathe and
draws long, noisy inspirations. Soon even this becomes impossible,

the patient loses consciousness, his pale face becomes cyanosed, and

an epileptic paroxysm may ensue. Generally, however, the process

does not go to this extreme; after a few minutes the spasm of the

glottis relaxes and the patient recovers consciousness. It appears,

however, that death may occur in these attacks. The ictus laryngeus

has been described as a separate form ; in this unconsciousness follows

immediately the premonitory sensations in the larynx and the patient

falls to the ground, so that the attack strongly suggests a common
epileptic fit. The different forms of laryngeal attacks may occur in

the same patient. He may suffer for years with slight attacks and

the severer form may finally develop. The frequency of the attacks

also varies greatly. Some patients have an attack only once in a year

or two, others have them very frequently. These attacks may occur

in series, so that all night long one attack of paroxysmal coughing

may follow another. Sometimes no exciting cause can be detected,

sometimes the attacks appear to be brought on by swallowing or by

rapid bodily movements. Aside from the laryngeal paralyses exam-

ination discloses often an increased sensitiveness of the laryngeal

mucous membrane; if the vocal cords are touched with a probe an

attack is produced. In some cases laryngoscopic examination detects

no abnormality.

As a rule, laryngeal paralyses are present together with the crises

of the larynx, but may develop later than the latter, and may occur

without them. By far the most common form of laryngeal paralysis

is paralysis of the abductors. If this is unilateral it causes little

trouble. If, as is usually the case, it is bilateral there is difficulty

in breathing with rattling or gasping sounds as soon as the patients

begin to move rapidly, ascend stairs, and the like. The voice remains

clear, but the patients are easily fatigued by talking. Examination
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shows appioximatiou of the vocal cords aud insufficient ojDening of

the rima glottidis, which is often of an elliptical form. The abductor

paralysis seems to predispose the patient to severe crises, since if a

spasm occurs the glottis is easily completely closed. The paralysis

next in frequency is unilateral paralysis of the vocal cords or re-

currens paralysis. Here difficulties of respiration are not marked,

but the voice becomes either harsh and metallic or quite devoid of

resonance. The rarest form is complete bilateral paralysis of the vocal

cords. Anaesthesia of the larynx is only exceptionally met with.

The laryngeal affections belong as a rule among the early symp-
toms of tabes. They are not very common. According to various

statistics they may be expected in only about seven to eight per

cent, of tabes cases, although the statements of the laryngologists

show that tabetic paralyses of the larynx are the most frequent forms

of laryngeal i^aral^ses. In contrast with the paralyses of the ocular

muscles, transitory paralyses are rare in the larj^nx. The laryngeal

paralyses are generally persistent from their first appearance, al-

though their degree may vary.

The pharyngeal crises described by Oppenheim are much more

rare than the affections of the larynx. They consist in attacks in

which violent movements of swallowing follow each other in quick

succession attended by gurgling or cooing sounds. The attack lasts

from a few minutes to half an hour. There may be twenty-four swal-

lowing movements to the minute. It is said that deep pressure be-

side the upper portion of the larynx will generally stop these attacks.

Paralysis of one-half of the palate occurs sometimes, almost al-

ways in connection with other paralytic conditions which are to be

referred to the last three cerebral nerves. Very rarely atrophy of the

external muscles supplied by the spinal accessory, the steruo-cleido-

mastoid and the trapezius, have been observed in tabes. This affec-

tion, like the peripheral muscular atrophy of tabes in general, which

we shall describe below, is accompanied bj' the reaction of degen-

eration and may be either transitory or persistent. I once saw
muscular atrophy confined to one trapezius which disappeared entirely

in the course of a year.

Some authors regard the tachycardia of tabes as a vagus symptom.
Acceleration of the pulse is not rare in tabes. In a certain i:)roportiou

of the cases the affection is undoubtedly the tachycardia of exoph-

thalmic goitre. Degeneration of the large arteries and of the heart

may sometimes be the cause of the tachycardia. The angina pectoris

which is occasionally observed is by some ascribed to the vagus as

being a " cardiac crisis." I i)resume that in such cases some other

complication was present.
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It is doubtful liow far the gastric crises are to be considered a

vagus symptom. Tliey will be considered below.

Finally the hypoglossus nerve also does not escape in tabes.

Charcot, G. Ballet, and otiiers have seen unilateral atrophy of the

tongue. I have also seen it once in tabes. Hemiatrophia linguae is

generally first discovered during an examination, for it usually gives

the patient no annoyance and interferes neither with eating nor with

speaking. The protruded tongue arches towards the affected side.

The atroi)hied half of the tongue forms a kind of appendage to the

healthy side and is deeply furrowed. Since hemiatrophia linguee is

a rare affection, it at once suggests tabes, provided that peripheral

disease of the hypoglossus nerve or a tumor or other affection of the

base of the skull is not present. Lingual atrophy, as a rule, is found

among the early symptoms. Excei^tionally, bilateral atrophy of the

tongue occurs ; such a case was reported by Eisenlohr.

It is a singular fact that the symptoms of lesions of the cerebral

nerves often appear in grouj^s. Not only do different symptoms from

the vagus and accessorius occur together, but also nuclei which do

not lie near each other often become diseased at the same time, or in

succession. Thus paralyses of the ocular muscles are always present

with atrophy of the tongue, and together with trigeminal symptoms
there are almost always symptoms from other cerebral nerves, etc.

It appears, therefore, that there is, as a rule, a more or less extensive

injury inflicted upon the region of the cerebral nerves if tabes once

invades it at all. But it should be added that atroj^hy of other mus-

cles is often associated with that of the muscles innervated by the

cerebral nerves, for example, atrophy of the small muscles of the hand

with atrophy of the tongue or of the muscles of mastication ; further

that bone and joint affections appear to be more frequent in patients

with muscular atrophy than in other patients, and finally that gastric

crises are not of rare occurrence in these cases. Thus there may be

encountered a collection of the rarest symptoms of tabes in one indi-

vidual. After perhaps a series of cases lacking in symptoms of un-

usual interest there comes one case in which such symptoms are

present in sujjerabuudance. It is doubtful whether such phenomena

depend upon a peculiarity of the tabes poison or upon an idiosyncrasy

of the patient.

Besides the affections of the cerebral nerves, various phenomena

are to be mentioned which are generally called the cerebral syriiptoms

of tabes. These are attacks of migraine, epileptic attacks, apoplec-

tiform attacks, and mental disturbances. It is probably more correct

to designate these as symptoms of general paralysis in tabes pa-

tients. They correspond to an incomplete paralytic affection of the
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cerebral cortex and there are easy transitions between cases with

isolated paralytic symptoms and those with undoubted general

paralysis.

Attacks of migraine may appear simultaneously with the signs of

incipient tabes, not only attacks of the common migraine but also of

ocular migraine. We must, of course, distinguish between migraine

patients who become tabetic and tabes patients with attacks of mi-

graine. In the former class the migraine is inherited and has existed

since youth; the attacks often become more rare or cease altogether

when tabes develops. If, on the other hand, the migraine is a part of

the tabes, it first begins at a mature age. If a man of forty years has

an attack of migraine for the first time we may think seriously of the

possibility of tabes. Such tabetic or paralytic migraine attacks do

not, however, apjjear to be very common.
Epileptic attacks are also rare in tabes. Perhaps some of the at-

tacks of giddiness in tabes patients are of an epileptic nature. The
previously mentioned epileptic conditions connected with the laryn-

geal crises are of course not to be considered here. On the other

hand, it is possible, that epilepsy may occasionally occur, not subor-

dinated to tabes but simultaneously with it as a coordinated affec-

tion. There is a parasyphilitic epilepsy (Fournier), that is, an

epilepsy which bears the same relation to syphilis as tabes does.

Somewhat more frequent than epileptic are apoplectiform attacks,

suddenly developing and as suddenly disappearing hemij^legia, mono-

plegia, aphasia, etc. These much resemble the paralytic attacks,

and as a rule other paralytic symptoms are present in the cases in

which they occur. Yet it is said that sometimes the apoi)lectiform

conditions are the only paralytic symptoms present. Of course cere-

bral focal lesions which are due to arteriosclerosis are occasionally

observed in the tabetic. If the cerebral paralyses are permanent, the

existence of such foci is probable.

Well-marked psychical changes no one would regard as sympto-

matic of tabes, yet lesser changes which corres])ond to a light para-

lytic affection of the cortex, as has been repeatedly proved, seem to

be not very rare. There is then a slight mental weakness with some
euphoria. It has been repeatedly observed that many tabes patients

endure their severe affliction with remarkable cheerfulness and hope-

fulness, and it is known that they readily entertain all kinds of decep-

tive notions. In some a distinct loss of memory is also observed.

It is often naturally impossible to determine with any certainty

whether the mental powers of tlie patients are at all impaired.

If true insanity develops in tabes patients, its form in the great

majority of cases is general paralysis, but ,of course all of the other
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forms of mental derangement may occur in tabes, to wit, paranoia, in-

termittent insanity, hypochondriacal and hysterical states, etc. The
distinction will generally not be difficult, since in the endogenous

psychoses abnormal mental states have generally been present before

the appearance of tabes, and the clinical picture itself generally admits

of no doubt. Of course, complicated conditions occur—endogenous

aberrations plus alcoholism, plus tabes, or perhaps morphinism plus

traumatic hysteria, plus tabes, conditions in which careful inquiry

into the history and continued observation are necessary in order

to reach a decision. At all events, the so-called " tabes psychosis"

does not exist. It has been supposed that the pains, the parsesthesise,

etc., might lead to a disturbed psychical state in which the percep-

tions become distorted, the pains being regarded as produced by in-

visible enemies and the like. But such assumptions are purely

arbitrary ; as a rule in the tabes psychosis the condition is general

paralysis, or, exceptionally, tabes with paranoia.

Besides the sj^mx^toms already discussed the most important signs

of tabes consist in two groups of phenomena ; first, affections of the

viscera which manifest themselves partly as lancinating pains in the

thoracic and abdominal organs, and partly are probably to be ex-

plained as the results of anaesthesia of these organs; and second,

changes in the bones, the muscles, and the skin with its appendages,

changes which are generally comprehended under the term trophic

disturbance.

Visceral crises consist in attacks of pain in the stomach, the in-

testine, the bladder, or other organs. Secretion generally accom-

panies these pains and sometimes the attacks are purely secretory,

without pain.

By far the most important and the most common are the gastric

crises. Delamare first called attention to them and to Charcot we

owe the first correct description of them. Pain generally occurs quite

unexpectedly in the region of the stomach—^" cramps in the stomach."

Sometimes the pain is described as a contraction, and sometimes the

patients speak of electrical shocks which pass from the stomach to

the spine and occasionally to the region between the shoulder blades.

Girdle pain also occurs. Emesis soon appears, and returns at

short intervals, somewhat as in seasickness. The food which

happens to be in the stomach is first vomited, then follows watery

mucus, which is soon mixed with bile. Blood is not infrequently

vomited also. It. is impossible to take nourishment, for everything,

even a swallow of water, is vomited immediately. The pains and the

vomiting continue for hours or days, even weeks. The average dura-

tion of a gastric crisis is several days. The pains are often very
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severe, so that the patients cry out, are "doubled up" with them,

writhe, aud assume the most extraordinary positions, and may even

faint. Hardly less severe sufferings come from the continuous vom-

iting and retching, the thirst, and the loss of sleep, so that it is

easily comprehended why the patients are greatly exhausted and de-

pressed after a crisis of some duration. It is remarkable that the

stomach appears to be normal immediately after the termination of a

crisis. One of my patients, after he had eaten absolutely nothing and

had vomited incessantly for days, was accustomed to call for a glass

of Bavarian beer, which he greatly relished. After this he could eat

anything. There are crises which last only half an hour or an hour,

and, on the other hand, states lasting for weeks have been observed

in which transient improvement is always followed by renewed pain

and vomiting. Of late years, many investigations have been under-

taken to ascertain the chemical constituents of the vomited matters,

with varying results. Great acidity has been found only a few times

;

more frequently the amount of acid is small. In all probability the

chemical condition of the contents of the stomach is of quite subor-

dinate importance; it varies with the state of the patient. The
amount of blood vomited is rarely large. As a rule it is produced

probably by mechanical injuries of the mucous membrane during

retching. There may, however, be hemorrhages which are analogous

to the cutaneous hemorrhages which sometimes accompany the lan-

cinating pains.

The incomplete gastric crises in which there is either pain alone

or onl}' retching and vomiting are rather uncommon. In the former

case the condition resembles an attack of gastric colic and may easily

fail to be recognized, in the latter the crisis is very similar to seasick-

ness, and diagnostic errors may be committed especially if hyper-

acidity is i^reseut.

Intestinal crises are very rare. By this term is denoted attacks

of diarrhoea which, in contrast with the gastric crises, are only rarely

attended with jjaiu. The watery diarrhoea begins suddenly aud ap-

parently without cause. There are four, six, eight, or more evacua-

tions a day. The affection continues for days, weeks, or months, and
then suddenly disapi^ears. This diarrhoea much resembles that of

morbus Basedowii and it may well be that in some cases of tabetic

intestinal crises an unrecognized Basedow's disease has been present.

Occasionally when the expression " intestinal crisis" is used, the

rectal i^ains which also occur in paroxysms are meant. The patients

say that it seems as if a wedge or a red-hot iron were driven into the

bowel. Sometimes also very annoj'^ing tenesmus occurs, which may
be attended by the evacuation of bloody mucus.
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As a rule the intestine is sluggish in tabes patients. They suffer

from constipation and are obliged to take laxatives. True intestinal

incontinence is very rare, even in the late stages of the disease. Yet

not very infrequently small quantities of faeces pass off unnoticed, so

that the ijatients complain that notwithstanding their best efforts

they are unable to prevent soiling their clothing. With these cases

those should not be confounded in which the patients are obliged to

strain while urinating and so occasionally force out a part of the con-

tents of the rectum.

Gastric and intestinal crises belong among the early symptoms of

tabes. They may appear as the first signs of the disease and may con-

tinue for years before other symptoms noticeable by the patient mani-

fest themselves. Sometimes they become slight and infrecpient or

cease entirely, when the usual symptoms of tabes develop. The state-

ments as to their frequency do not agree, but we may assume that

they occur in from three to five per cent, of the cases. We have

already spoken of the relatively frequent occurrence in combination

of disturbances of the larynx, gastric attacks, and bone disease.

The great majority of tabes jjatients, although constipated, have a

good digestion.

Vesical crises are sometimes encountered. They consist in violent

pains which, starting from the hypogastric region, radiate along the

urethra and extend to the perineum and the inner side of the thighs.

The patients state that it seems as if water were rushing through the

urethra or as if molten lead were running through it. In spite of a

painful impulse to urinate, they are unable to do so. The attack

lasts several hours or even a day, and often ends with the passage of

blood. It may return at intervals of weeks and may appear in con-

nection with the lancinating pains in the legs. It is of course neces-

sary to be cautious in making the diagnosis. I believed once that one

of my jjatients had a vesical crisis, but it finally appeared that there

was a small calculus in the bladder, after the passage of which the

attacks ceased. Yet the authors are positive that there were no

calculi in their cases. In Raynaud's first case nothing abnormal was

found in the bladder.

Renal crises have also been described, that is, attacks Avhich re-

semble those of renal colic. The known facts are, however, so scanty

that it is well to reserve an expression of opinion regarding them.

Although the process of urination in tabes is often affected, yet

the quantity and constitution of the urine are rarely abnormal. Poly-

uria has occasionally been seen and in a number of cases glycosuria.

In tabetic glycosuria the amount of sugar is always small—one-half,

one, at most two i)er cent. Larger amounts are probably found only
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when the tabes is complicated by diabetes mellitiis. The glycosuria

is generally referred to an affection of the medulla oblongata. As a

matter of fact, bulbar symptoms have repeatedly been found present

with it. The so-called alimentary glycosuria is also said to be some-

times met with in tabes. There is probably always some compli-

cation, if albuminuria is present.

In male patients impotentia coeundi generally develops sooner or

later. It may appear at a very earl}^ or at a relatively late stage. In

rare cases the function suddenly disappears forever; as a rule, the

desire gradually diminishes and erections become more and more

weak and infrequent. The potentia generandi is probably often jjre-

served unless a complication (epididymitis, sarcocele) is present.

But finally an atrophy of the testicles may develop.

Leimbach found a diminution or abolition of the sexual appetite

in 58.25 per cent, of the patients. In 15.54 per cent, this was the

first symptom. It is probable that the anesthesia plays an impor-

tant part in the bladder affections and in the impotence. But anaes-

thesia of the external parts is not necessarily' present. In exceptional

cases, priapism and increased sexual desire are reported in incipient

tabes.

Antiesthesia of the vulva and of the vagina is sometimes found in

women. Pleasure in the sexual act is then usuall3' absent, but it is

sometimes wanting when anaesthesia cannot be detected. Menstrua-

tion is as a rule unaffected, but occasionally ceases.

The crises of the clitoris constitute a singular symptom. The pa-

tients have the sensations and the secretion tliat accompany coitus.

The attacks may occur in the daytime as well as at night. In the

latter case they are sometimes accompanied by dreams, and then re-

semble what has been described as "pollutions in the female." The
disagreeable feature in these clitoris crises consists in the fact that

they sometimes precede an attack of lancinating pains. This symp-

tom is rare ; I found it only once among fifty female patients.

Among the most interesting features of tabes are the diseases of

the osseous system which manifest themselves chiefly as fractures and

as the so-called arthropathies. The tabetic arthropathies were first

described by Charcot. His masterly description has been subjected

to much criticism, but is gaining more and more universal acceptance.

The tabetic joint affections are often, especially in England and

America, called "Charcot's disease," a term which is not to be

recommended, for the French sometimes call amyotrophic lateral

sclerosis Charcot's disease. The joint affection develoj)S without ap-

parent cause, and as a rule in the early stage of tabes, often before the

ataxia. It generally appears suddenly without any premonitory
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symptoms, manifesting itself by a large serous effusion into the joint

and a dougliy swelling of the surrounding i>arts. Fever and pain are

generally entirely absent. Either the swelling disappears after a

time and the parts again become normal (benign form), or severe

lesions are left within the joint, and we find crepitation, dislocations

in consequence of the wearing away of the surfaces of the bones,

or other luxations (severe form). The knee is most frequently at-

tacked, then the hip joint, the elbow, and the wrist; more rarely the

joints of the foot, of the vertebrae, and of the fingers.

On post-mortem examination there are almost always found atro-

phy and proliferation, the former as a rule greath^ preponderating.

If the process has not advanced very far a part of the articular

cartilage is still preserved. This apj^ears eroded. In the bone is

found sclerosis together with spongy atrophy. Sometimes a ring of

osteophytes surrounds the articular surface. The joint capsule is

dilated and thickened and often studded with excrescences. The
cavity of the joint contains a viscid fluid, and loose bodies in the

joints are often present. Suppuration is extremely rare, if pres-

ent being due to a secondary infection. In the later stages the

joint surfaces together with the cartilage have disappeared. The en-

tire articular extremities may be worn away, so that, for example,

the head and neck of the femur as Avell as the acetabulum have

disappeared. In some cases proliferative processes are more marked,

so that thick layers of newly formed bony tissue surround the joint.

On chemical examination the bone is found to be poor in mineral

constituents, especially the phosphates, and rich in fat. Microscopi-

cally there are found a rarefying osteitis and irregular dilatation of

the Haversian canals, which are filled with fat. But the anatomical

examination furnishes a picture of the termination of the process

only. Most truly characteristic is its course—the sudden and pain-

less development of an enormous swelling and the often rapid destruc-

tion of the joint, which in a short time may lead to subluxations or

luxations.

In view of this clinical picture there can be no question that tabetic

arthropathy is not the same as arthritis deformans. It is a quite

distinct affection, such destruction of joints occurring elsewhere only

in syringomyelia. The origin of the articular affection is to be

explained by supposing that the first change is a morbid alteration

in the bone. Accordingly as the cliaphysis or the epiphysis is

chiefly affected, there next results either the fractures which are to

be described further on, or the arthropathy. In the latter it often

appears that the process is initiated by the breaking off of small

portions of the articular ends. The large swelling which is par-
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ticnlarlj" marked in case the knee or the shoulder is affected is

sometimes caused by the distended joint capsule, but sometimes it is

diffuse, the lower part of the thigh and the greater part of the leg, for

example, being markedly oedematous. In this case there is probably

a rent in the capsule through which the articular effusion becomes dif-

fused. If the joints of the instep are affected a singular deformity

is produced, the so-called tabetic foot. A hard boss projects upon

the dorsum and in the middle of the sole, the foot becomes glossy

and is shortened, the parts of the arch of the foot being, so to speak,

driven into one another. The movements of the foot are painless,

but are attended with crepitation. In the rare cases of tabetic disease

of the lumbar vertebrae sijondylolisthesis may result. The arthro-

pathy is often bilateral, both knees, both hip joints, or both feet being

affected.

Since the entire osseous system is manifestly involved in tabes,

if the disease of the bones is marked there are numerous arthro-

pathies and fractures. A female patient of Charcot's had luxation

of the tibia backwards in the left knee with marked wearing away of

both articular ends and almost complete disappearance of the patella.

Both hip joints were diseased, as shown by loud cracking and crepi-

tation, there was luxation of the right femur backwards, the left hu-

merus was luxated inwards, and its head and the glenoid cavity had

disappeared ; in the right maxillary joint there was loud cracking on

movement. Upon post-mortem examination of this patient fractures

of the malar bones and other lesions of the osseous system were dis-

covered which had escaped clinical observation. Kredel has collected

a large number of cases of tabetic arthropathy. According to him,

the knee joint was affected 104 times, the hip joint 56 times, the

shoulder joint 36 times, the elbow joint 15 times, the ankle joint 25

times, the toe joints 10 times, the finger joints 8 times, the maxillary

joint twice; the "tabetic foot" was present in 16 cases.

Fracfurcs of the diaphyses in the tabetic are more rare than the

joint affections. It is characteristic of them that they are produced

by quite trivial causes, hence the name "spontaneous fractures."

The patient, for example, fractures his thigh while pulling on his

boots ; even turning in bed may cause a fracture. The fracture is al-

most always painless, and v/ith proper treatment generally knits well.

If the fragments are not held immovable, unsightly masses of callus

may be formed. It is especially to be noted that the spontaneous

fracture may appear among the first signs of tabes. If a fracture of

the thigh or the leg, produced without adequate cause, is found in a

man in whom the possibility of tabes cannot be excluded, that disease

should always be suspected. Other igns of the disease (reflex irido-
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plegia, etc.) will generally be already present, but it would seem that

spontaneous fractures may occasionally precede all the other signs.

Kredel collected 73 cases of spontaneous fractures in tabes ; the thigh

was implicated 32 times (among these 9 fractures of the neck of the

femur), the leg 19 times, the forearm 6 times, the arm 4 times, the

clavicle twice, the pelvis 3 times, the scapula twice, and the lower

jaw and the radius each once. Multii)le fractures occurred in 16 cases,

and in 16 cases fractures and arthropathies were present at the same
time.

As to the question whether the bone affections in taljes depend

upon definite lesions of the nervous system, and what these lesions

are, opinions differ. Charcot was at first inclined to assume an affec-

tion of the anterior cornua. There is now no doubt that his view is

incorrect. Others supposed the cause to be lesions of the peripheral

nerves, especially of the nerves which penetrate the bones—a view the

reasons for which are difficult to understand. Recently Marinesco

and others have regarded the anaesthesia as the causal affection. In

health the nutrition, that is, the blood supply of the bones and of the

articular surfaces, depends upon centripetal stimulation. If this is

wanting as in tabetic anaesthesia, the nutrition suffers, because the

I'eflex regulation of the blood supply is no longer active. It may
also be supposed that the poison of tabes may injure the bones

directly under certain conditions, that consequently the bone affection

is coordinate with that of the nerves.

The ligaments may also be destroyed in arthropathy. The ten-

dinous tissue probably at times suffers a morbid change in tabes

analogous to that of the osseous structures. The occasional ruptures

of tendons point to this. By a sudden movement the Achilles tendon

may be ruptured or the quadriceps tendon may be torn from the

patella. These injuries are painless, but the muscle which is sepa-

rated from its point of attachment contracts, and union does not gen-

erally take place.

Of the diseases of the skin in tabes the perforating ulcer is closely

related to the affections of the bones. Not only is it found especially

in the cases in which arthropathies and fractures are also present, but

it'*often seems to depend upon an affection of the bones. By malum

perforans is meant an ulcer which perforates the skin and at the base

of which carious bone is often to be felt. It manifests itself almost

always as small cavities in the sole of the foot or on the dorsum of

the toes, looking as if they had been punched out, which secrete

a thin, ill-smelling pus, are insensitive and heal with difiiculty. It

is manifestly possible not only that a neglected injury of insensitive

parts of the foot might lead to a deep ulcer which finally reaches the

Vol. XL—54
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bone or penetrates into a joint, but also tliat dead bone may originate

a fistula wliicli appears as malum perforans. The suppuration of a

bursa may also be the first step in the process. The favorite location

of the ulcers is the toes, and of these especially the great toe. Sev-

eral ulcers often occur simultaneously or in succession.

Other changes in the skin are very rare. Erythema, ^dtiligo, and a

condition resembling ichthyosis have been described as signs of tabes.

The last-named condition consists in a reddened, dry, and thickened

skin, covered abundantl}- with epidermic scales. Occasionally obsti-

nate chronic eczema is found upon the hands and feet. The cutaneous

hemorrhages and the herpeti'3 eruptions which occasionally accompany

the lancinating pains have already been mentioned. Atrophy of the

skin also occurs. The skin is ihen either wrinkled and thin, as if too

large, or thin, glossy, and closely adherent. More frequent are

changes in the sweat secretion, hyperhidrosis, or more commonly

anhidrosis. It is well known that patients who have formerly had

sweating feet, losing this excessive secretion at the beginning of tabes,

are apt to regard this loss as a cause of the disease. Anhidrosis (or

hyperhidrosis) of the lower half of the body, of one leg, of one arm,

or of one-half of the face is also met with.

Finally affections of the nails should be mentioned. The nails,

especially those of the great toes, are sometimes peculiarly thick-

ened, uneven, and discolored. In some cases they fall off, and this

process is sometimes preceded by violent pains, and there may be re-

peated hemorrhages under the nails. This symptom also occasionally

occurs in connection with perforating ulcers and with atrophies.

Muscular atrophy in tabes appears in various forms. There may
be an isolated affection of individual muscles, which disappears or be-

comes stationary, or, as in the so-called neurotic atrophy, many mus-

cles may be affected with atrophy simultaneously. The atrophy gen-

erally begins insidiously. The extremities are first attacked, and only

exceptionally does the process begin elsewhere than in the hands and

feet. In nineteen cases reported by Dejerine the feet were first involvjed

nine times, the hands seven times, the shoulder muscles and the flex-

ors of the forearm only once each. If the atrophy attacks the legs, the

small foot muscles first become atrophied and the foot soon becomes

strangely distorted. The interosseus spaces are sunken, the balls of

the toes lose their roundness, the terminal phalanges are bent back-

wards, and the other phalanges are flexed towards the plantar sur-

face, but the great toe is generally flexed in both joints. If the patient

attempts to raise the foot, a true "claw foot" results. Sometimes

the muscles and ligaments shrink and fix the foot in an abnormal

position. At a later time the muscles of the leg are also implicated,
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the peroneal group especially, the tibialis anticus being occasionally

spared for some time. Then a pes equinovarus results and the

"claw" j)Osition of tlie toes changes to one of complete flexion.

Gradually the foot becomes fixed by the shrinking of the calf muscles

and of the peroneus longus (clubfoot of the tabetic). In the hands

the thenar eminence is first attacked, then follow the other small hand
muscles and occasionall}'' also the muscles of the forearm. The
atrophy is not as a rule to be distinctly recognized above the knee

and elbow, but, as post-mortem investigation shows, the muscles of

the thigh and arm do not always escape entirely. The atrophy is al-

most always approximately symmetrical. Fibrillar}^ twitchings are

said not to occur. The response to both mechanical and electrical

stimuli is diminished, and sometimes it is possible to detect the re-

action of degeneration. Progressive tabetic muscular atrophy is a rare

affection, and occurs almost solely in the later years of the disease.

Autopsy shows degeneration of the muscles and of the muscular and

cutaneous nerves. The degeneration is also present in the mixed

nerves, but decreases as they ascend, the anterior roots, as a rule,

not being materially altered, and the anterior cornua being quite

normal.

In the atroi)hy which is confined to single groups of muscles (aside

from the muscles innervated by cranial nerves which have already

been considered) the muscles affected are some of the small hand

muscles, or the peroneal muscles, occasionally the deltoid of one side,

etc. Such circumscribed atrophy may occur in incipient tabes and

not rarely it may terminate in recovery.

Finally those usually transitory paralyses should be mentioned

which are called nerve paralyses because the region of a definite nerve

is attacked. Peroneal and radial paralyses are especially to be con-

sidered. In the latter the common cause, i.e., pressure on the nerve

during sleep, can often be made out but not invariably. In one case,

for example, the paralysis occurred while the patient was turning

over the leaves of a book. In some cases pressure ai)pears to have

been one of the causes, but such slight pressure that it could not have

caused paralysis in a healthy individual. Dejerine believes that the

tabetic radial paralyses are characterized by a special electrical re-

action, viz. , that the nerve has lost its excitability not simply above

the point of pressure, as is usualh^ the case, but throughout its ex-

tent, while the faradic excitability of the muscles is preserved. I

have not been able to confirm these statements, finding merely dim-

inution of the excitability.

To explain the transient tabetic paralyses we must suppose that

the whole nervous system is injuriously affected in tabes so that rela-
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tively slight injuries may produce disturbance of function or nerve

destruction.

Many phenomena point to the existence of slight disturbances of

the motor portions of the nervous system also, which have as j^et not

been mentioned. As, for examjDle, the sudden giving way of the legs

;

the patients feel suddenly that their strength is leaving them, and

are obliged to lay hold of something for a support or to fall down.

A part of the great weariness and objectively demonstrable muscular

weakness of the tabetic is certainly not to be explained by the anaes-

thesia alone. Attacks of fatigue have been described, in which the

patients feel an exhaustion as if after mountain climbing or other ar-

duous exertion.

Old tabes patients, even when no true paralysis and no muscular

atrophy are present, often feel so weak that they can hardly move
their limbs. In such cases the autopsy reveals, as a rule, a degener-

ation of the lateral tracts, the formerly slight and not demonstrable

affection of the motor paths having led finally to visible decay.

The foregoing description of the signs of tabes is reasonably com-

plete. But one group of disturbances upon which much study has

been expended has not yet been mentioned. I refer to diseases of the

heart in tabes, cases with cardiac lesions being found with relative

frequency in that disease. According to recent statistics (Nordmann)

1 out of 11 tabes patients has disease of the heart, but according to

Leimbach there were only 7 patients with heart disease in 400

cases of tabes. Of 130 cases of heart disease in tabes there were

51 with aortic lesions (38 insufficiency, 7 stenosis, 6 insufficiency and

stenosis), 4 with aneurysms, 10 with aortic and mitral lesions, and 33

with mitral lesions alone. In the remaining cases the affection ap-

pears to have been chiefly myocarditis. Symptoms due to or sug-

gesting angina pectoris were mentioned in 23 cases. On closer ex-

amination it appears that the mitral lesions in tabes have the same
causes as in other affections (chiefly polyarthritis). Although there

has been no lack of more or less ingenious argument to prove that the

diseases of the aorta and of its valves are due to tabes, or even that

the latter depends upon the former, it is highly probable that the

two morbid couditions are coordinate ; in other words, that the aortic

lesions as well as the tabes are metasyphilis, and that they con-

sequently represent a complication of tabes like the contracted kidney.

Course.

The course of tabes is generally divided into three stages ; the

first or the pre-ataxic stage, the ataxic stage, and the paraplegic stage.

The duration of the first stage may vary from one or two to twenty



COURSE. 858

years or more ; iucleecl many tabes i)atients die before tliey pass be-

yond it. We may say either that the duration of the first stage is

unlimited or that there are incomplete, abortive forms of tabes. I

consider the latter statement the more correct, but it is always

possible to say that if the i:)atient had lived longer, the tabes would

have become more fully developed. This objection is admissible

even if the disease has been at a standstill for a long time, for even

then it may, so to speak, become revivified and advance progres-

sively. The most simple form of the first stage is that in which the

patient has pains from time to time
—

"his old rheumatism"—and

otherwise regards himself as healthy. The physician generally finds

reflex iridoplegia and absence of the knee phenomenon. Sooner or

later slight vesical disturbances appear. In other cases a paralysis

of the ocular muscles occurs from time to time. The i^atients are

generally constipated and their sexual powers are slight.

To this simple relatively benign tabes can be contrasted the more

or less malignant form in which from the first, or at least during the

first stage, the rarer symptoms appear in larger or smaller groups,

such as multiple affections of the cerebral nerves, laryngeal symp-

toms, gastric crises, arthropathies, and fractures. All these symp-

toms and others may be present in the first years, and each of them

is of bad omen. Tabes with atrophy of the optic nerve may be re-

garded as a form of subordinate importance. The patients are

severely afflicted by their blindness, but in other respects do not

suffer greatly.

A simple tabes may become malignant if the pains become fre-

quent and severe, or if the vesical disturbances increase rapidly.

The second stage, that of ataxia, is generally introduced by Rom-
berg's symptom. The patients become somewhat uncertain in the

dark, it is more clifiicult for them to descend poorly lighted stairs.

The anaesthesia upon which these phenomena depend may remain

unchanged for a considerable time, but it does finally increase, rapidly

or slowly, and then true ataxia makes its appearance. As has already

been mentioned, the rarer acute or subacute ataxia of tabes is to be

distinguished from the common slowly increasing ataxia.

Of the patients who reach the second stage, a considerable num-

ber die before entering the third stage from an accidental complica-

tion, from a metasyphilitic disease coordinate with the tabes, such

as renal or cardiac disease, from general paralysis superadded to

the tabes, or finally from a pyelonephritis resulting from paralysis

of the bladder. If the patient continues to live, the ataxic stage

generally lasts several years. The cases in which the patients are

bedridden after about a year's duration of this stage are rather rare.
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Often, not alwaj^s, the pains diminish in the ataxic stage or cease

entil'el3^ In other respects the condition becomes increasingly more

complicated, since, on the one hand, the sjanptoms already present

develop more fully, and, on the other, new ones make their appear-

ance in greater or smaller numbers. The anaesthesia differs greatl}^

in different cases. Sometimes anaesthesia of the skin is almost com-

pletely absent and that of the deeper parts is apparently slight in

spite of marked ataxia. In other cases the anaesthesia is conspicu-

ous, of wide extent, and abounding in individual variations. Most
clinical investigations of anaesthesia have been made upon such pa-

tients and most of the forms of anaesthesia have been studied in their

cases. In the ataxic stage the formerly transient paralyses of the

ocular muscles often become permanent. The gastric and other

crises may now cease, but they are often found in connection with

the ataxia. New symptoms of various kinds may be added at any

time to those already present. The multiplicity of the combinations

is so great that no description can be adequate.

If we speak of the third as the paraplegic stage, we do not mean
that true paraplegia is always present in it, although this does fre-

quently occur. It may be early and transient, ushering in perhaps the

subacute ataxia, or it may develop slowly at a late period as a persist-

ent symptom corresponding to a degeneration of the lateral tracts of

the spinal cord. But generally in tabes there is never true paraplegia.

The patients are confined to their beds only by ataxia and weakness,

and this stage might therefore be called more correctly the bed-

ridden stage. In many patients articular affections, fractures which
have resulted in pseudoarthrosis and muscular atrophy are additional

causes of the inability to move about. Death is produced sometimes

by infection of the urinarj'- passages, sometimes by decubitus, which
is to be explained in part by depressed nutrition of the tissues in

general, in part by the action of decomposed secretions upon the in-

sensitive skin, sometimes by the development of paralysis, and some-

times by the complications already mentioned. The third stage is

shorter than the second, and seldom lasts more than a few years.

On the whole, then, the course of tabes is a slow change for the

worse, and it deserves therefore the adjective progressive. In the in-

dividual cases, however, we find that at any time (excepting perhaps in

the third stage) the i)rogress of the disease may be checked for a long,

occasionally we might say an unlimited period, and not only that, but

there are ameliorations which may be very marked. Such ameliora-

tions, which are in part very difficult to understand, have great prac-

tical importance. In rare cases all the subjective symptoms are said

to have disai^peared, although the autopsy showed unmistakable ta-
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betic changes. Rather frequently the symptoms disappear, for a
time at least, to such an extent that the patients who are as a rule very

hopeful think they are cured, and regard themselves as well for one or

two years or even a longer period.

Diagnosis.

The diagnosis of tabes is, as a rule, very easy. The mistakes
which are often made even to-day are due, not so much to the diffi-

culties of the problem as to careless and hasty examination. It is

only necessary to know what the signs of tabes are, and when one of

these signs is present to examine with reference to this disease. If

the physician has tabes in mind, and if he makes his examination

systematically in order to discover the chief signs, he will seldom fail

to recognize the disease. If, for example, a patient with bladder

disturbances, or one with pain in the stomach, or one with spasmodic
cough presents himself, and no tangible changes in the organs in

question can be detected, one should bear in mind the possibility of

the existence of tabes. He who does not think of tabes first of all in

a case of ocular paralysis, or of arthropathy of the tabetic kind, or of

mal perforant, or of bilateral parsesthesise in the regions supplied by
the ulnar nerve, or of darting pains in the legs, is simply ignorant.

If any sign is present which may belong to tabes, the pupils are

to be examined first of all. If reflex iridoplegia is found the question

is practically decided. If we exclude the exceedingly rare lesions

(especially tumors) in the vicinity of the corpora quadrigemina,

reflex iridoplegia is a symptom which by itself sufiices for the diag-

nosis of tabes. From a practical standpoint reflex iridoplegia is

equivalent to tabes.

Secondly the knee phenomenon is to be investigated. It is absent

in tabes, as a rule, but may be present and even temporarily exag-

gerated. It may be absent in other diseases, such as neuritis, mye-
litis of the lumbar cord, syringomyelia, cerebellar tumors, etc. Con-

sequently the condition of the knee phenomenon is far less important

than that of the pupils, and its absence can justify the diagnosis of

tabes only when it occurs in combination with other symptoms.

In the third place are the lancinating x>ains. They are very

characteristic. As they occur in tabes they are rarely found else-

where, really only in some forms of multiple neuritis. Of course

every pain in the legs is not to be considered; those which are diag-

nostic are the darting pains which appear now here, now there, are

located chiefly in the muscles, return in paroxysms, and are associated

with supersensitiveness of the skin.

The vesical disturbances are fourth in importance. If the knee
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plieuomenon is absent and lancinating pains are found to exist aside

from tabes, no condition really requires consideration except poly-

neuritis. But if bladder disturbances are also present, the latter may
probably be excluded. Diabetes might be thought of and the urine

should be examined in every case. If sugar is present, the condition

of the pupils will be decisive, for reflex iridoplegia is not one of the

symptoms of diabetes. If the pupils are normal, the diagnosis be-

tween tabes and diabetes must depend upon the whole aspect of the

case ; it is impossible to decide the matter off-hand.

Reflex iridoplegia, vesical disturbances, lancinating pains, and

absence of the patellar reflex constitute the basis of tabes. If they

are wanting, only a probable diagnosis can be made. Yet some
signs may precede these. Among the first may be atrophy of the

optic nerve, paralysis of the eye muscles, gastric crises, ataxia and

sensory disturbances, fragility of the bones, and some other rarer

symptoms.

Atrophy of the optic nerve, i.e., the whitish discoloration of the

papilla which begins in its external half and slowly progresses, with

thinning of the vessels but no other changes, is to a certain extent

pathognomonic, and even if it appears alone, makes tabes very prob-

able.

The majority of all ocular paralyses are tabetic. If an isolated

paralysis of an ocular muscle appears in a man who has had syphilis

some years previously, tabes is more probable than any other disease.

Paralyses of the eye muscles from tertiary syphilis are almost al-

ways accompanied by violent pains. Those of incipient tabes, on

the other hand, are painless and generally transient. On account of

the latter fact they appear to yield to antisyphilitic treatment, and

many physicians for that reason place them among the syphilitic

paralj^ses of the eye muscles. Esj)ecially characteristic of tabes are

the paralyses which correspond to a slight degeneration of the whole

nuclear region, namely, bilateral abducens paresis and enfeeblement

of all motions of the eye, which reveals itself by nystagmus-like

twitchings in the extreme positions of the eye. Ophthalmoi)legia

interna, or isolated loss of accommodation in ])ersons liable to tabes,

makes the diagnosis very probable.

In isolated laryngeal paralyses local causes, especially pressure

u])on the reciirrent nerve, are of course to be excluded. If this is

done and if there is nothing to exclude tabes, this disease must be

first thought of.

Gastric crises occur almost exclusively in tabes. If one has once

seen a characteristic attack, there is no longer any danger of con-

founding the gastric crisis with a colic from gall-stones or a so-called
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cramp of tlie stomach or anything else. Aside from tabes, gastric

crises occur only in tluwe extremely rare cases in which they are the

sole malady, occurring from early youth; the relation of such cases

to tabes is as yet by no means clear. There are, it is true, gastric

crises which present nothing characteristic, incomplete attacks, from

which alone the diagnosis cannot be made.

Ataxia very rarely occurs as the first symptom. I recall but one

case in which, besides incipient atrophy of the optic nerve, the ataxia,

with the disturbances of sensibility upon which it dei)eudH, was the

first symptom without reflex iridoplegia, without loss of the knee

phenomenon, and without pains and bladder disturbances. In such

cases the diagnosis is of course uncertain.

The bone affections are also quite characteristic. Fragility of the

bones may manifest itself at a very early period, and may probably

be the first symptom. In every fracture without sufficient external

cause tabes should be thought of. The arthropathies too may lead

to a diagnosis without the necessity of other signs. If a huge joint

swelling, accompanied by the crackings of the joint, develops suddenly

without cause, tabes should be the first thought. Only he who has

no individual experience, who perhaps is familiar only with ana-

tomical dissections, can deny the sid generis character of tabetic

articular affections. The same is true of the tabetic shedding of the

teeth, of perforating ulcer, and of many other symptoms.

It is hardly possible, if any care is taken, to fail to recognize well-

developed tabes. But it may be difficult to decide whether tabes

alone or some other affection also is present, or whether besides some
other affection tabes ma^^ not also exist. The distinction between

tabes and progressive paralysis is first to be considered. As I have

already explained, I am of the oj)inion that there is really but one

tabes i)aralysis, but that the disease sometimes especially affects the

brain (progressive paralysis, or tabes of the brain), sometimes the

peripheral and spinal paths (tabes, or progressive paralysis of the

spinal cord), sometimes both at once {tahea -psiralysis sensa strenuo).

In practice, however, it is very esential to be able to distinguish the

two forms, which in essence are closely related but clinically are

different. If progressive paralysis undoubtedly exists, it is practi-

cally of slight importance to decide whether true tabetic symptoms are

also present. On the other hand, it may be very important to decide

at an early period whether paralytic symptoms are presenting them-

selves together with those of tabes.

In the beginning it is frequently not possible to decide what the

further course will be. If, for example, a patient has onl^' abducens

paralysis and reflex iridoplegia, new symptoms which appear later
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may be either paralytic or tabetic in character. In such cases the

slightest signs of paralysis, for example quivering of the tongue or

twitching at the corners of the mouth, are of great importance. But,

even if such symptoms are found, it is well not to express too positive

an opinion to the patient's friends. For there are cases of tabes with,

so to speak, abortive paralysis, that is, the tabes may continue to de-

velop as usual, while the paralysis does not increase beyond the first

symptoms, or at least is of extremely slow growth. In the course of

an undoubted tabes paralytic symptoms may also appear, but no

well-marked progressive paralysis results. Thus there occur in the

tabetic apoplectiform or epileptiform attacks, which are to be re-

garded as of the nature of paralysis, or a slight mental weakness ap-

pears which does not increase, or trembling of the hands manifests

itself. If in incipient paralysis tabetic symptoms (absence of the

knee phenomenon, vesical disturbances, lancinating pains, etc.) are

found, their presence has a prognostic importance, inasmuch as, in

general, paralysis with tabetic symptom runs a slower course than

the form without such symptoms, in which latter symptoms of im-

plication of the lateral tracts generally appear, such as increase of

the reflexes and spasms. Keflex iridoplegia may occur in both forms

of progressive paralysis.

Tabes may be found in connection with tertiary syphilis and it is

possible that in the presence of the signs of lues cerebrospinalis

those of tabes may be overlooked and vice versa. For example, the

symj)toms of meningomyelitis dorsalis and also reflex iridoplegia

might be present; or, together with tabes, a multiple cranial-nerve

paralysis depending upon exudative meningitis at the base of the

brain might develop. If some symptoms in the tabetic appear to

point to tertiary syphilis of the nervous system, antisyphilitic treat-

ment is of coarse indicated. If in lues cerebrospinalis some signs

of tabes are found, the hopes based upon the antisyphilitic treatment

disappear.

Tabes occurs in connection with exophthalmic goitre. Fully de-

veloped Basedow's disease is rare with tabes, more frequentlj^ there

are some signs of that disease, for example, slight goitre, accelerated

pulse, and some exophthalmus. Perhaps the tachycardia which

some count among the symptoms of tabes is to be regarded rather as

a sign of exophthalmic goitre. The tabes patients may have an old,

so to say idiopathic goitre, or in other cases the connection may be

that a chronic syphilitic thyroiditis is the cause of this sj'^mptom.

Much has been written as to the connection of tabes with hysteria.

Since both diseases are common it is not strange that they should

sometimes occur together. Either there is no causal connection be-
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tween them, a hysterical individual becoming syphilitic and in con-
sequence of that tabetic, or the tabes may be the exciting cause, the
tabetic symptoms, especially the pains, awakening the slumbering
tendency to hysteria. Serious diagnostic difficulties can hardly
arise from the union of tabetic and hysterical symptoms. We may
indeed doubt whether this or that pain, parsesthesia, or anaesthesia, is

to be referred to tabes or to hysteria ; hysteria may caricature ataxia,

but this obscures the diagnosis in respect to conditions of subsidiary
importance only. It is most probable that slightly marked hysteria,

existing side by side with tabes, will be overlooked and some thera-

peutic triumphs may depend upon such an error. Only the ignorant

can confound tabes with hysteria. An hysterical individual brought
into contact with the tabetic in the hospital or elsewhere might be-

come familiar with their pains and disturbances of sensibility and
motility and instinctively imitate them, but even then the chief

symptoms of tabes are wanting—the reflex iridoplegia, the loss of the

knee phenomenon, in short all the symptoms which are not pro-

ducible by suggestion. On the other hand, other signs of hysteria

will certainly be present which will guide the examiner in the right

way. It is scarcely conceivable that a tabetic should be regarded as

simply hysterical, for a single objective tabes symptom suffices to

establish the diagnosis of tabes and exclude that of hysteria.

The danger is as slight of confounding tabes and hypochondria.

From time to time young physicians and other persons, the sins of

whose youth cause them anxiety, come for advice believing that they

have incipient tabes. The absence of all objective signs generally

renders the decision easy, although in such cases one cannot always

make comforting assurances with respect to the future. It is unfortu-

nately no rarity that a genuine tabetic is regarded as a hypochondriac.

This happens only when the physician is ignorant or examines im-

properly. If nothing is found, but if the pains as described are those

of tabes and if syphilis has preceded, the decision of the question

must be simply postponed. To the exi)ert the way in which the pa-

tients complain of their tabetic symptoms appears so different from
the way of hysteria and hypochondriasis that generalh^ he has no
doubt from the first.

Under the unsuitable name "pseudotabes" a number of quite

different conditions has been comprehended, and first, various forms

of neuritis. Of these only the alcoholic neuritis may give rise oc-

casionally to difficulty of diagnosis. If refiex iridoplegia is absent, no
positive opinion may be possible for a time. Of course tabes and al-

coholic neuritis may occur together. A recent tabetic, for example,

with reflex iridoplegia and lightning pains may develop alcoholic
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paraestliesiffi and paralyses. It is necessary then to proceed cautiously

and to separate the etiological factors. The distinction between tabes

and diabetes has already been mentioned. Eeally doubtful cases of

this kind are very rare. The name "pseudotabes hysterica" is quite

absurd. And the designation "pseudotabes syphilitica" is also to

be rejected, for in the cases in which it has been employed the condi-

tion has been not a new disease, but rather tabes with meningitis

syphilitica, that is, a complication in which analysis not synthesis is

in place.

Diphtheritic paralysis may occasionally suggest tabes, especially

if, exceptionally, adults are attacked and if the fact that diphtheria

has preceded is not known. The patient may, for example, have

weakness of the legs with parsesthesise and loss of the knee phenome-

non, or in the severer forms paralysis of the eye muscles, anaesthesia,

and ataxia may be present in addition. But reflex iridoplegia, the

characteristic tabes pains, and the bladder disturbances are absent,

paralysis of the palate has generally preceded, and finally the course

of the disease makes the diagnosis clear.

In all cases in which the diagnosis is questionable, we must in-

quire whether the patient has had syphilis. In children and very

young and very old persons tabes is possible, but extremely rare and

therefore improbable. In women it is more improbable than in men.

Conditions which do not favor the existence of syphilis {e.g. , virginity)

likewise do not favor tabes. On the other hand in men of middle

age, especially in those whose position and mode of life is such that

a suspicion of former excesses seems justified, we should think of

tabes from the first. Such patients should be examined for tabes,

even if other diseases are present; and, on the other hand, the ex-

amination of the heart, the urine, etc., must never be neglected in

tabes, since in connection with it atheromatosis, cardiac lesions, con-

tracted kidney, and diabetes frequently occur.

Prognosis.

It is sufficiently well known that tabes is not curable and that its

course varies greatly in its nature and its duration. The iiuestion of

prognosis then i)resents itself as follows : Can we predict in a given

case what course the disease will take? Unfortunately we cannot do
this as a rule, yet there are some hints which may be of service. In

general, the more slowly tabes begins the more benign it is. If

moderately severe pains and slight disturbances of the bladder liave

existed for years, there is a certain probaliility that the tabes will con-

tinue to be benign. On the other hand, a more or less stormy begin-
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ning is of evil siguificauce. Early developing and rapidly increasing

ataxia is especially unfavorable. Tabes dolorosa is a Imd form of the

disease in wliicli severe and frequent pains not only bring the patient

to despair, but also diminish his bodily strength and power of resist-

ance. A similarly bad form, and indeed one of the worst, is the one

with gastric crises. In this both pain and hunger assail the patient;

it is necessary to feed him as well as possible in the intervals of the

attacks, in order that he may not be worn out. Unfortunately when
gastric crises are present, it is not rare for other crises, especially

those of the larynx, to develop and make the prognosis still worse.

Other symptoms are also of unfavorable omen from the outset,

especially affections of the osseous system. Aside from the fact that

a fracture or an arthropathy is in itself a serious matter and causes

the patient much harm by confining him to bed, such accidents fre-

quently occur in succession, because the disease of the bones is more

or less general. Perhaps a good deal depends upon the patient's

constitution and mode of life, at least it seems that severe accidents

of this kind are more frequent in the poor than in those who are

better nourished and able to spare themselves. A severe affection of

the bladder is naturally of a bad prognosis. Sooner or later, with or

Avithout the aid of the catheter, infection of the bladder takes place,

and there is the added danger of pyelitis. Not a few tabes patients

succumb to pyelonephritis.

A symi)tom which in itself is among the worst, but in general

promises a favorable course of the disease, is early developing atroijhy

of the optic nerve. Singularly enough the blind tabes patients as a

rule become ataxic at a late stage or not at all, and suffer proi)ortiou-

ately little in other respects. How this fact is to be explained is not

known, but the fact itself is undoubted. But if optic-nerve atrophy

appears at a late period when ataxia is already present, there is then

no trace of its apparently inhibitory influence.

The simultaneous occurrence of gastric and laryngeal crises has

already been mentioned. Similarly affections of the cerebral nerves

may be combined. To the ophthalmoplegia may be added a lesion of

the trigeminus, manifesting itself by pain alone, by pain and anaes-

thesia, or by the latter and loss of the teeth. The same remarks

apply to lesions of the facial and auditory nerves.

Of course all paralytic symptoms, apoplectiform or epileptiform

attacks, disturbances of speech, and psychical disturbances are of evil

significance. It is known that progressive paralysis may appear

even at a late stage of tabes. But often very early it sends forth

its forerunners, such as quite transient attacks of aphasia, quiv-

ering of the facial muscles, attacks of ocular migraine, etc. Such
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symptoms should be carefully considered, for tliey mean much. Not

only does the paralysis usually end the patient's life at a compara-

tively early period, but even a mild form of it generally disables the

patient from pursuing his business, while in simple tabes he can

work undisturbed in many kinds of occupation.

Much of course depends also upon the complications. Probably

the majority of tabes patients do not die of tabes but of other dis-

eases—contracted kidney, apoplexy from atheroma of the vessels of

the brain, valvular lesions or simple degeneration of the myocardium,

etc. As the disease advances, the prognosis is more easily made.

While at the beginning everything is possible, after some years the

disease has generally in so far revealed its character that we can at

least determine whether it is benign or malignant. Surprises are

still a possibility, yet the rule is that a benign form continues to be

benign.

The i)rognostic significance of the individual symptoms appears

from that which has been said here and under the head of symptoma-

tology.

In any case, the x>hysician does well not to exjjress himself too

pessimistically. The patient has a right to encouragement, and the

phj'sician may point out the fact that the disease may improve or

remain stationary, and should bear in mind that this may occur

occasionally when the prospect appears exceedingly gloomy.

Treatment.

The history of the treatment of tabes is painful and touching. It

shows us, on the one hand, how weak human judgment is, and, on the

other, how much faith man possesses. New methods of treatment are

constantly invented, and all are of benefit so long as they are new,

but all in time lose their virtue and are then quietly cast aside. Yet

it cannot be denied that any methods have attained positive results.

Of course most of tlie curative effects, in so far as they are conscien-

tiously reported, are in reality remissions which the natural course of

the disease carries with it—that is, the periods of improvement which

are observed in most tabetic cases, even without treatment, chance to

coincide with a course of treatment. Still, cases are reported in all

methods of treatment in which it is difficult to believe in chance,

cases in which after a long, unchanging course of the disease a dis-

tinct improvement commences immediately after the institution of

the new treatment. Since such curative effects are attained by all

methods, the unreasonable as well as tlie reasonable, but one explana-

tion remains, to wit, that here as elsewhere it is not the remedy but
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the patient's belief in the remedy that benefits. Indeed, tabes is a
conspicuous example of the fact that even affections which are appar-
ently due to organic lesions may be influenced by faith. More cor-

rectly, we should say that experience derived from tabes shows that,

even when organic lesions exist, a considerable part of the disturb-

ances of function are of a psychical nature, for no one can intelligently

assume that degenerated nerve fibres can regenerate themselves under
the influence of faith. If the latter removes disturbances it must be
that these disturbances do not depend directly upon the degeneration,

but are accessory affections which the patient has suggested to him-
self, which anxiety, fear, and despair have added to the principal af-

fection.

Progress has appeared in the course of time, inasmuch as the con-

viction has gradually gained ground that tabes is incurable. We may
say that to-day all well-informed physicians are agreed that there is

no cure for tabes, that all reports of cure are mistaken. Formerly it

was of every-day occurrence that confident reports of cured tabes

cases were published. One had cured tabes with galvanism, another

with faradism, another by means of this spring, still another by baths

in another spring. One had cured with mercury, another with iodine,

another with silver, another with ergot, by nerve-stretching, or by
homoeopathy, and so on. Such bold assertions are still made indeed,

but they are no longer believed by the well-informed. The thera-

peutists of to-day, however confident they may be, content themselves,

as a rule, with speaking of improvement and are satisfied with even a

transitory improvement.

I do not assert that no remedies have aoy physical effect whatever

upon tabes. That cannot be proved, and it is possible that some of

the drugs and methods now in use exercise a favorable effect upon the

diseased parts, so that they resist the destructive influence for a

longer time, or it is possible that some drugs strengthen the still un-

injured fibres and cells so that the loss of function on the part of those

already diseased is less apparent. But one should be very sceptical

with respect to such conjectures; for that a remedy which has

seemed to be of help in one case should help subsequent cases also,

as might be expected, appears not to follow at all. Eather, on the

contrary, the results are not at all to be predicted. Of two apparently

identical cases, in the one the curative effect appears undeniable,

while in the other no trace of improvement can be detected. More-

over, the individual symptoms seem to behave differently. The more

objective a symptom is the less accessible does it appear to therapeutic

measures. The degeneration is visible only at one place, in the optic

nerve; but here only the most enthusiastic speak of the curative
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effect of this or that remedy, every one else is convinced that all treat-

ment is useless. Reflex iridoplegia always remains unchanged.

Other symptoms, on the contrary, such as anaesthesia and especially

ataxia, vary in severity not only during the natural course of the dis-

ease, but also during treatment. The ataxia is the most easily influ-

enced, and that is easily understood, for it is only the reaction to the

anaesthesia of the joints and of the deeper tissues in general. This

reaction differs with the individual and with the varying condition of

the individual. As we shall see subsequently, it can be changed by a

kind of education—a proof that its degree depends upon the state of

the unaffected cerebral cortex as much as upon that of the diseased

spinal cord.

Consequently I regard it as probable that we cannot influence the

tabetic process itself directly in any way. We may under certain

circumstances influence the tabetic patient favorably, but this is

effected j)artly because healthy portions of his economy are strength-

ened, partly because his faith helps him. Against tabes itself we are

powerless. This is no quibble upon words, it is an imj^ortant distinc-

tion. In the first place, it is unworthy of the physician to grope

about with blind faith in his therapy, like the unthinking masses.

When suggestion is at work he should be aware of the fact and take

his course with the painful but emancipating knowledge of the weak-

ness of his art. He will not then embrace with foolish enthusiasm

every new remedy in order to abandon it as quickly. Above all

things, he will spare the patient, because he knows what the future

will bring. In such a tedious disease as tabes the physician cannot

abandon his j^atient, he must treat him under all conditions and must

employ various remedies and methods in order to keep up his cour-

age. But, if he is properly skeptical, he will confine himself to

what is necessarj^, he will abstain from officiousness and, last but not

least, as an honorable man he will spare the patient's purse, if the

patient is poor. How many people have spent their savings in use-

less and expensive treatment

!

After these general remarks we will consider the modes of treating

tabes which are now in use, joassing by those which have become his-

torical.

Is there a prophylaxis of tabes? Since tabes is metasyphilis,

avoidance of syphilis is also avoidance of tabes. Here an important

duty is set before the physician, which he has hitherto very insufli-

ciently jierformed. Physicians should tell the people that syphilis is

a fearfully serious matter, that an infection with it may ruin the

whole life, and that there is only one means of avoiding it—the avoid-

ance of all imfjure sexual contact. It is a crime to speak jestingly of
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syphilis, to call it a " child's disease," to advise patients to have inter-

course with prostitutes. Supervision of prostitution, the careful treat-

ment of the syphilitic, and the severe punishment of those who care-

lessly or even knowingly projjagate the disease are also important,

but not much is to be accomplished by them. Many believe that by
energetic and long-continued treatment of syphilis the development

of tabes may be averted. That is an unproven and not very x^robable

assumption. Whether bj^ such treatment tertiary manifestations may
be prevented, as many S3''philologists believe, is another matter.

Tabes is not a tertiary manifestation, and in fact it is even character-

istic of tabes that it most frequently follows an attack of syphilis

which has been without tertiary symptoms.

A. Fournier has said that the better the treatment of syphilis the

less is tabes to be feared. But Fournier himself admits that tabes

may occur after treatment of syphilis, which has been excellent, in

his meaning of the word. He has himself seen such cases. He
depends for the proof of his assertion upon the fact that in most
cases of tabes the treatment of the antecedent syphilis has been

insufficient, and he gives the following statistics : Of 312 tabes pa-

tients, there were 24 whose syphilis was not treated at all, 70 who
had a three to six months' treatment with mercury, 74 who were

treated for from sis months to a year, 32 who were treated for from

one to two years, and 13 who were treated for from two to four years.

It is evident that such statistics can prove nothing. If one should

question 312 persons who had had mild syphilis and were not ta-

betic, one would probably obtain quite similar figures. Manifestly

most cases of syphilis are benign, and most syphilitics are treated

insufficiently, in Fournier's sense. If such insufficient treatment

were to blame for tabes, the latter would be far more frequent than it

really is.

Although the results of the mercurial treatment are quite doubtful,

it is still to be recommended to carry it out conscientiously and to

combat every manifestation of syphilis energetically and persistently.

Whether it is justifiable when no sign of syphilis is visible to pre-

scribe mercurial treatment for from four to six years, the future must
decide.

Prophylaxis directed against the accessory causes of tabes consists

chiefly in the rules for health which apply to all. We may conjecture

that one will be the more likely to escape tabes, notwithstanding the

syphilitic infection, the more healthy he otherwise is, and the more
he avoids the injurious influences which are in general prejudicial to

health. Although it is very doubtful whether emotional excitement,

mental and physical exertion, the use of li(iuor, and sexual overstim-

VoL. XI.—55
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Illation help to provoke tabes when it is not yet present, yet every one

who is syphilitic should be warned against these things even more than

others. A special importance is perhaps to be ascribed to exj)osure

to cold. This is met with so frequently in the anamnesis, the first

pains have so often appeared after repeated exposures to cold or after

a single but very severe exposure, that it is probably justifiable to es-

pecially warn candidates for tabes against such exposure.

Since syphilis is the cause of tabes, antisj^philitic treatment ap-

pears to be the causal indication. As a matter of fact, this was em-

ployed as soon as the connection between the two diseases appeared

to be probable. The interest in the question as to the relations of

tabes to syphilis probably depends for the majority upon the hope of

now being able to attack tabes by means of mercury and iodide of

potassium. But this is evidently to be determined solely by experi-

ence, for the question cannot be decided theoretically. Pathological

anatomy shows that the anatomical changes in tabes are quite differ-

ent from those of tertiary syphilis. But from the first it is clearlj^

impossible that iodine and mercury could be curative in simple

atrophy of nerve fibres. We know of course that the intraspinal

nerve tissues which have perished are not regenerated. A cure b}^

means of iodine and mercury must therefore appear excluded to him

who is familiar with pathological anatomy. But it is quite conceiv-

able that antisyi)hilitic treatment might arrest the tabetic process and

effect a regeneration of the diseased peripheral parts, although even

that appears doubtful when we reflect that in metasyphilitic diseases

similar to tabes, which manifest themselves as sclerosis of the liver,

kidney, and other glands, mercury and iodine are quite useless. Only

experience can decide the question. And experience teaches that it

is not x>ossible to check tabes by means of antisyphilitic treatment.

In this the great majority of authors are agreed, and even those who
most highly commend antisyphilitic treatment in tabes venture to

promise neither cure nor arrest of the disease, but only affirm that

occasionally there has been "improvement." At the first, indeed, re-

ports api^eared from various quarters, announcing the complete cure

of a tabetic patient, but for what new treatment have not enthusiasts

made the same claim? Critical authors, however, have always rejected

such assertions with unanimity and in part admit the entire useless-

ness of the antisyphilitic treatment, in part recognize that the success

of that treatment is far from corresponding with their expectations.

Erb has expressed himself most positivel^^ in favor of antisyphilitic

treatment, but even he says " that our experience as yet with respect to

the value of the antisyphilitic therapy in tabes is by no means bril-

liant, and indeed not very satisfactory."
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Erb, through Dinkier, has published a large number of case histo-

ries which are intended to demonstrate the value of mercury and iodine.

From this collection it should appear that " in six-sevenths of the cases

a more or less distinct" and extensive improvement of the affection

had been produced. But if one enters into the details of Dinkler's

presentation of the subject it is seen that the results are (luite similar

to those which are attained by any treatment. Very similar histories

are found in the electrotherapeutic literature in large numbers, not to

mention the reports on suspension and nerve-stretching. As yet it has
never been proved that antisyphilitic treatment can prevent the further

development of tabes. Wliether transitory improvement can be at-

tained by it can hardly be proved, nor can it be disproved. In any
event I regard it as probable that the antisyphilitic treatment is of

no more benefit than the other modes of treatment hitherto in use,

although in these also there is but little proof for or against

them. In my own experience I have never seen any positive results

from the treatment by inunction, and many other physicians have

had the same experience. I cannot, however, deny the possibility

of benefit; and this at least seems to me to be shown by the experience

of Erb and of others, namely, that a judicious antisyphilitic treat-

ment does no harm in tabes. It has been asserted several times that

the atrophy of the optic nerve has rapidly advanced during the inunc-

tion treatment. But the same is seen when no mercury is used. The
assumption that tabes is caused by the mercury is so ridiculous that

it is not necessary to discuss it.

Well, then, inunctions do no harm and it is doubtful whether they

do any good. In this state of things, the question is to be asked,

When should inunctions be employed? Erb says "in the tabetic who
have been syphilitic antisyphilitic therapy is indicated." I would

prefer to alter this sentence to read, " antisyphilitic therapy is per-

missible in all tabes patients." If the view which I support is recog-

nized that tabes is always metasyphilis, there are no tabetic patients

who have not been syphilitic. In case of those who have apparently

not had syphilis, inunctions are more distinctly indicated than in the

others. Those who deny syphilis and those who for the most part

actually know nothing of their infection belong quite certainly among
the patients whose syphilis has been insufficiently treated, and it is

all the more necessary to make up for lost time. In general, the

treatment by inunction seems to me to be especially justified as an

experiment where it has not been employed for a long time, or not at

all. In such cases tertiary residues will also more probably be pres-

ent with the tabes. That inunctions are indicated when tertiary

symptoms can be demonstrated is a matter of course, but such cases
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are very rare. Every physician will be obliged to use his own judg-

ment in the individual cases.

I cannot recognize it as a duty to advise the inunction treatment

under all circumstances, yet if it is desired to employ antisyphilitic

treatment, inunctions are certainly to be especially' recommended.

Three or four grams of blue ointment are rubbed into the skin every

day, a bath is taken on the seventh day, and the cycle is repeated four

or five times. With this treatment care of the mouth is of course

necessary. We must strongly warn against injections of compounds

of mercury which are soluble with difficulty. In every case it is ad-

visable to interruiDt the treatment after six or eight weeks, and, even

if a favorable result appears to have been attained, to give a second

course of treatment only after an interval of several months. Erb

recommends that the interval be occupied with a general tonic treat-

ment by mountain air, mild hydrotherapy, especially sitz-baths at 24°

to 18° K. (86° to 72.5° F.), the internal administration of tonics,

electrical treatment, perhaps also the baths of Nauheim or Rehme.

He thinks that this is important and that only after the termina-

tion of the mercurial treatment by means of these subsequent

measures will the entire favorable effect be joroduced. In other

words, the mercury really only lays the foundation for the greater

and more certain effect of the other remedial measures. This appears

to me a somewhat arbitrary construction, and I admit frankly that my
faith is not strong enough to atone for my lack of insight into the re-

lations of these things. I am also in doubt with regard to Erb's

recommendation to supplement the mercurial treatment by baths at

Aix la Chapelle or at Nauheim, or by electricity, etc., for, since ac-

cording to Erb all these various remedial measures may be of efficacy,

if the patient should really improve it would not be known what had

actually benefited him. And finally, Erb's urgent admonition that

the patient must give up business during the course of inunctions

arouses my doubts likewise, for in the treatment of affections in

which these really are of use the patients do not need to give up
their work. On the other hand, rest is often very beneficial to tabes

patients even without inunctions, so that the good results ascribed to

the latter may really be duo to rest.

In considering the large number of other " curative measures" for

tabes, we may make a beginning with the drugs, other than mercury

and iodine, which dessrve notice, although but little that is good can

be said of them. Since the time of Wunderlich silver has been used for

tabes, why I do not know. The cases in which silver is said to have

effected cures are (juite old and few in number. For historical rea-

sons, I have very often prescribed silver, but I have never been able
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to couviuce myself that it liad any curative effect. Nevertheless it

does no harm, if argyrosis be avoided, and it is not impossible that

it does some good. Since we cannot well spare a medicine for tabes

which has some individuality and which can be given without harm
for a few months, we always return to the silver salt. It is adminis-

tered in pills (IjE. Nitrate of silver, 1 gm.—gr. xv., white bole, 5 gm.

—

gr. Isxv. Ft. pil. No. 100. Sig. One pill three times a day), about

two hundred pills being taken. It is dangerous to give more than

this, because in many persons silver quickly causes argyrosis, and
it is a serious mistake to produce this condition. After an interval

of several months the course of treatment with silver may be repeated.

With the other drugs used in the treatment of tabes I have no
experience. Ergot and arsenic have been especially recommended.
It is known that in ergot-poisoning there may be an incurable disease

of the nerves in which a part of the fibres of the posterior columns of

the spinal cord is destroyed. It has been thought that if ergot can

destroy the posterior columns, it can also cure them—an idea which

appears ingenious rather than worthy of acceptance. Of late, more-

over, those who extol the merits of ergot have been very silent, and it

must be said that this poison which has been recommended in many
nervous diseases on speculative grounds has been of benefit in none.

Treatment with arsenic seems to be used in England. It will prob-

ably do no harm.

Strychnine, like ergot, is a laboratory remedy. Erb has again

commended it of late as a remedy for tabes, but he adds cautiously

that it may have simply a general tonic effect as a nervine.

No fault can be found with the administration of " tonics" in gen-

eral in tabes. They are merely harmless, suggestive remedies. It

would, however, require strong faith to believe that they have any

beneficial effect upon the disease itself.

The modern humbug, organic extracts, is a repulsive subject to

mention. We may well believe that physicians who have ventured to

treat tabes with testicular juice or sheep's brains are now thoroughly

ashamed of it.

Baths have always played an important role in the treatment of

tabes. Formerly the indifferent thermal baths were chiefly used.

Of late the majority of the German tabes patients who can afford it go

to Nauheim or Rehme-Oenhausen, the French to La Malou. Exjjeri-

ence seems to teach that hot baths are injurious to tabes patients,

that consequently the springs the temperature of which is high are not

to be recommended. But it is manifestly only the temperature that

is to be avoided, for if the waters of Teplitz, Gastein, etc., are cooled

to the proper temperature, about 27° R. (93'' F.), they do no harm.
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Besides the chief baths above mentioned, many others are visited by

tabes patients with apparently good results—sulphur baths, like Aix

la Chapelle, baths in the mountains, such as Pfafers-Bagaz, Wildbad

in Wiirtemberg, sea-baths, ferruginous baths, etc. It is of course

very difficult to say anything as to the effect of the baths unless one

indulges in pseudo-scientific phrases about the reflex influence of the

skin, changes of the circulation, etc.

Treatment by baths is an old custom ; we have at present nothing

better to offer in its place. It is like the silver pills. We ask the

question whether they do any good. We do not know, but if used

properly, they do no harm, and since something must be done

—

eh bien ! I have as yet never seen any curative effect after the use

of any of the baths. Sometimes the patients have somewhat less

pain afterwards, sometimes the ataxia is somewhat diminished—in

short, it is like all other modes of treatment. Every one will admit

that a stay at a bathing resort may have a stimulating and refresh-

ing effect and that the baths may do the j)atient good. Every

such bathing resort is a strong suggestive remedy. People see

the water gushing from the earth, they convince themselves by sight,

taste, or smell that it is no ordinary water. From antiquity the sick

have made pilgrimages to the spring, and many traditions have

sprung up. With their own eyes they see streams of invalids

from all lands. One tells the other of wonderful cures, which he or

his uncle has witnessed. Grave and dignified physicians confirm

these stories and explain scientifically the importance of the spring.

The state itself gives its sanction and the whole population of the

locality swears to the value of the water upon which their livelihood

depends. If many cases of the same disease are collected together

at one place the physicians learn to know their needs accurately and

everything is done that appears to be of benefit. So the physicians

at Rehme and Nauheim, where during the season hundreds of tabes

patients are to be found, have finally become specialists. The pa-

tients find good roads, sufficient resting-places, rolling-chairs, etc.

Many patients return every year to this place. They return to their

homes in general about as they went away, but yet they have done

something for themselves. Hence I shall say nothing against the use

of baths. On tJie contrary, I send patients there myself, because it

is customary and because it does the jDatient no harm and possibly

may benefit him. But here too there may be too much of a good
thing. Many patients receive more harm from the fatigue and dis-

comforts of the long journey than the problematical benefit of the

treatment can compensate for. Not a few spend their hard-earned

money, with which at home they could procure what would really
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benefit their liealtb, because they have been persuaded that they must
by all means visit the baths.

The hydrotherapeutic institutions are formidable rivals of the

baths. Even if one does not believe in the hocus-pocus which is

designated scientific hydrotherapy, he must recognize the value of its

empirically approved methods. As a mode of treatment of tabes, hy-

drotherapy is of course of as little value as the other methods, but as

a mode of treating the tabetic patient it is of more importance than

many others. These patients are very often confined to their rooms
and are extremely sensitive to cold. A powerful stimulation of the

nutrition of the skin and of the blood-vessels and a judicious harden-

ing process are for them of great value. To be sure, that which is

sought could be attained at home by rubbings with cold water, sitz-

baths, douches, etc. But the institution affords at once the benefits

of a summer resort and of a hospital managed by physicians. It is

to be noted at the institute and at home that no ver}^ strong stimuli

are suitable for tabes patients, that therefore not only high but low

temperatures, powerful douchings, and the like are to be avoided.

There is of course a difference between patients. What agrees with

one is too strong for another, since among these patients, according to

the original constitution and the development of the disease, there

are strong and weak, and those who are sensitive as well as those who
are excitable with difficulty. Especially in hydrotherapy it is nec-

essary to individualize judiciously. For relatively strong tabes pa-

tients short sea-baths are very suitable. But for the majority is to

be recommended only residence at the seaside without bathing.

Electrotherapy in tabes in my opinion is suggestive treatment.

That this "mighty phj^sical remedy" is of influence upon the tabetic

process itself is so difficult to believe ihat a,
" sacrificium inteUectus"

is really necessary for faith. While in hydrotherapy and some other

methods, at least a strengthening of the body as a whole ma}^ be ef-

fected, this advantage does not obtain in electrotherapy, for no one

surely will assert that by the passage of a feeble current for a few

minutes through the skin, muscles, and j)erhaps a few nerve fibres the

body is strengthened. The electrotherapeutists claim that onl}^ when
electricity is employed secundum artem can it be of benefit, and each

holds that his own method is the correct one. I have occupied myself

long enough with electrotherapy^ to have mastered the technique and

I have employed the various methods of the authorities upon tabes

patients, but I have never seen any effect that could not on good

grounds be ascribed to suggestion. And many experts have had the

same experience as myself. From year to year the psychical nature

of electrotherapeutic cures becomes more widely recognized, and so
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far as the electrical treatment of tabes is concerned mauj^ will agree

with me who do not yet donbt the physically curative effect of elec-

tricity in general. I do not mean by this absolutely to condemn the

electrical treatment of tabes, for media for suggestion are necessary

and electricity is at least harmless if it is not used with actual bru-

tality. I have seen great scars upon the backs of tabetic patients

which had originated from unskilled galvanization and which with

propriety might have led to suits for malpractice. A long electrical

treatment of patients with small means may lead to an ill-afforded

expenditure which does the physician little honor.

The following methods of electrization are used in tabes : One
pole is placed upon the lumbar spine, the other upon the neck ; one

electrode is then slowly moved towards the other, and the somewhat
childish idea is entertained that the current is thus made to pass

longitudinally through the spinal cord. Others place one pole upon
the "cervical sympathetic," i.e., under the angle of the jaw, the other

upon the back, or one pole upon the chest while the other is passed

up and down the back. Some place the anode upon the sensitive

locality (certain vertebrae), the cathode somewhere else and thus give

a "polar" treatment. Broad plates are always used as electrodes.

The sitting lasts a few minutes. The strength of the current is four,

six, or eight milliamperes.
. Some authors advise also galvanization

of the limbs (anode upon the lumbar spine, cathode upon the nerve

points in the legs, or anode upon the neck and the cathode upon the

arms) . I have done this also and the patients were generally most

pleased by this application, because according to their view the limbs

themselves are diseased.

The faradic current has found few friends, except that the faradic

brush upon the skin of the trunk and of the limbs has been enthusias-

tically praised. The brush should be used for from five to twenty

minutes and should cause distinct sensations but not actual pain. In

this somewhat troublesome manner about the same effect is probably

produced as by bathing with alcohol.

Such bathings or rubbings are quite useful as symptomatic reme-

dies. They come under the category of cutaneous stimulants. But
to see in these a treatment of tabes itself is an anachronism. The old

physicians treated every possible internal disease with " derivation to

the skin" from the crude idea that the materies morbi could be con-

ducted to the exterior of the bod3\ Hence tabes patients in former

times were tortured frightfully. Their backs were burned with red-

hot irons and Avith moxas, thus adding a new affliction to those already

])reaent. In modern times the im])lements of torture have become
more refined. "Pointes de feu" are now used, and much mischief is



TREATMENT. 873

done with them, especially in France. The " pointes de feu" are di-

rected to be produced upon a space the width of the hand along the

spine about every ten days by means of a small thermocautery of

from thirty to fifty points. The milder forms of cutaneous stimula-

tion will be mentioned farther on.

Massage, which is unduly lauded by its advocates, is stimulation

of the skin and something more. It is of course of no imjjortance as

a treatment of tabes, but general massage, like hydrotherapy, may
occasionally be employed as a general tonic for tabes patients as well

as for others.

Gymnastics, whether German or Swedish, are to be similarly re-

garded. But they have an especial value also as a remedy for the

ataxia, to which we shall recur again. Treatment with Zander's

machines is a mixture of massage and gymnastics. In some respects

it accomi)lishes less than hand massage and individually conducted

gymnastics, but it is not injurious if used in moderation and may
occasionally be emj^loyed to advantage.

A chapter of modern medicine of which physicians should be

ashamed is the doctrine of nerve-stretching and of extension of the

spinal column. The idea of curing tabes by stretching the sciatic

nerve is so absurd that every scientifically educated man would

naturally repel it, but notwithstanding this it has not only been ap-

proved but has been enthusiastically praised, and the operation has

been performed in a great number of cases. Even to-day there are

physicians who are not ashamed to perform the operation or to allow

it to be performed upon tabes patients. The operation consists in

exposing the sciatic nerve in the upper part of the thigh, drawing it

out of the wound with the finger or with a hook, and stretching it

strongly. One or both nerves may be stretched and under some cir-

cumstances the crural nerves also. The fact that brilliant results were

at first attained by the operation proves well how subject both the ta-

betic patient and his physician are to the power of suggestion. The
reports of such successes are manifestly not all false, the patients

really became better. But when the enthusiasm for the operation

was dissipated by criticism and by reports of fatal cases the operation

was no longer successful. The furor which had carried everybody

away subsided and after a few years nothing more was heard of the

matter. To one who has Avitnessed the rise and fall of such thera-

peutic enthusiasms, they appear like psychical epidemics and recall

the dancing manias of the Middle Ages.

Just as the pointes de feu have succeeded the red-hot irons, so

nerve-stretching without operation, and suspension have succeeded

to the operative nerve-stretching. These are as absurd as the latter
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but somewhat less dangerous. The non-operative nerve-stretching

consists in flexing as far as possible at the hip joint the leg of the re-

cumbent i^atient, the knee being extended. If anaesthesia and great

relaxation of the muscles and ligaments are not present, as is some-

times the case in the tabetic, the procedure is very painful. If the

patient sits on a firm table with outstretched legs and his trunk is bent

forwards as far as possible the process is called " extension of the

spinal cord"(!)-

The procedure recommended by Bonuzzi is actually barbarous.

It consists in drawing the feet of the recumbent patient b}^ means of

a cloth so far above his head that the knees of his extended legs

approach the forehead. As extension en miniature we may regard

the procedure of Blondell, who approximates the patient's bended

knees to his chin and holds them in that position for a few min-

utes by means of a bandage passing behind the knees and about the

neck.

Suspension, that is, hanging the j)atient in Sayre's apparatus,

was first tried by Motschutkowsky of Odessa, then obtained the ap-

proval of Charcot, whose pupil Raymond had visited the Bussian,

and in consequence of this approval was received with general en-

thusiasm. At the Salpetriere suspensions were done by wholesale.

The patients came flocking in and the finest results were attained.

The tabes patients of a large city, by the way, constitute a class

always eagerly on the watch for something new. As soon as a new
method of treatment is discovered, preferably one that is somewhat
fantastic, they embrace it, and for a time the novelty is of benefit.

Suspension was, of course, tested "scientifically." Some found that

it produced a slight lengthening of the spinal column, others that

there was on the contrary a slight shortening of it, rabbits and dogs

were suspended, in short, the resources of science were employed in

the investigation. Now, after a few years, nothing more is heard of

it, at least in Germany. From time to time a tabetic says, shrugging

his shoulders, "You know the time when we used to be suspended."

The fact may have contributed to cliill the enthusiasm that sometimes

the heart of the suspended patient stops beating. In the original

method the patients were suspended by the chin and neck and a,lso by
l^ands passing through the axillse, and allowed to hang for several

minutes, a procedure which might prove dangerous, especially in

heavy patients and in those who had arteriosclerosis. Subsequently

an apparatus invented by Dr. Sprimon was recommended, by means
of which the patient, who is in a sitting x)osture, is seized b^^ the chin

and neck and by the elbows and raised by a weight (about one hun-

dred ])ounds) suspended by a pulley. Some place the patient upon an
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inclined plane with head and shoulders fixed aiid leave " extension"

to the bodily weight, from which no harm can result.

The corset of the orthopedist Hessing, like suspension, is to be
regarded as a suggestive treatment. This is supposed to support the

vertebral column, and to relieve it of superincumbent weight ; it is

properly applied only after many trials, and costs enormously. Some
tabetics really feel much more comfortable if they wear a corset (per-

haps on account of its uniform warmth), but they can have one ap-

plied by any one skilled in bandaging.

The methods hitherto discussed hardly deserve to be taken seri-

ously, but not so with the treatment of the individual symptoms, al-

though by such treatment we do not expect to influence the tabetic

process itself. Most frequently the physician is obliged to treat the

pains of the tabetic. Formerly we were almost entirely restricted to

external applications, but of late we have made an advance by the

knowledge of new and rather harmless remedies for pain. The most
important of these are acetanilid (or antifebrin), phenacetin, and
antipyrin.

Besides these may be used sodium salicylate, salipyrin, exalgin,

lactophenin, and a series of similar products which the activity of

the jjharmacologists has furnished us; i to 1 gm. (gr. viii.—xv.) of

antifebrin may be given, the same amount of jjhenacetiu, 1 to 2 gm.
(gr. XV.—XXX.) of antipyrin, and 1 to 3 gm. (gr. xv.—xlv.) of salipy-

rin. Combinations of these can also be employed. All these medi-

cines relieve the so-called "nervous" pains in an unknown way,

probably by their action upon the parts of the brain which are

connected with sensations of pain. It is folly to prescribe the

bromides for the pains; thej^ are of no use whatever. It is gen-

erally possible to relieve the lancinating pains by means of antifebrin

and kindred remedies. Nevertheless we cannot dispense with external

applications. For medicine should not be given for various reasons

if it is not absolutely necessarj^, and, on the other hand, unless in-

jurious doses are given, pains are often not so completely relieved

by internal medicines that auxiliary remedies can be dispensed

with.

Sometimes no treatment is necessar3^ All tabes patients do not

have severe pain, and a certain proportion of them learn to endure

their pain without assistance. If that cannot be done, a cold com-

press is the most simple and often an efficient remedy—much more

rarely warm or hot compresses. Wet-packs, the so-called Priessnitz

compresses, occupy an intermediate position. Then follow the stim-

ulating applications, such as spirit of soap, of camphor, or of mustard,

petroleum ether, oil with chloroform, or chloroform alone. My pa-
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tients like paprika tincture, wliicli I give in combination with spirit of

camphor or of mustard. Kemedies which easily injure the skin appear

to me less advisable ; such are mustard plasters, sprinkling chloroform

upon hot compresses, and painting with tincture of iodine or solu-

tions of nitrate of silver. Wounds of the skin should be carefully

avoided. This objection applies also to sprays of methyl chloride,

which for a time were highly commended. If they are used cau-

tiously so as to produce no eschar, they are not, however, objec-

tionable. Sometimes strong j)ressure helps, laying on sand bags,

or bandaging on a lead plate, or constriction with cords. If every-

thing fails and the pain appears to be unendurable, nothing remains

but to use morphine, which always relieves. Since, however, in a

disease of such long duration as tabes the danger of the morphine

habit is particularly great, this drug should always be avoided, if

possible. If injections are needed, they should be given by the

physician himself. Singularly enough, patients rarely hit upon the

idea of buying a syringe and morphine solution for themselves. It

is only when the physician entrusts the syringe to them or to their

friends that they become victims of the morphine habit. Yet here

also we must individualize. Whether one who takes morphine con-

tracts the habit or not depends upon his character. I know some

tabes patients who are compelled to take morphine occasionally for

their pains, who have not acquired a fondness for it and do not ex-

ceed relatively small doses. Although the use of morphine for the

lancinating pains should be avoided as much as possible, the case

is different with the so-called visceral crises, and especially with

the gastric crises. Here only injections of morphine are of benefit;

to give anything else is a loss of time ; and in such cases as much
morphine should be given at once as is necessary in order to subdue

the pains, for divided doses are of no use. The other crises are

much more rare and do not often give occasion for interference. The
laryngeal crises are generally over with before the physician arrives.

If necessary the application of cocaine by means of a brush may be

tried.

In treatment of the vesical disturbances the most important thing

is not to do harm, i.e., do not catheterize except in the most extreme

necessity. Many tabes patients have acquired cystitis and pyelitis

through careless catheterization. In the great majority of cases the

catheter is quite superfluous, for it is usuallj^ only necessary to wait,

even in complete retention of urine. In case of relaxed abdominal

walls, and in the later stages of the disease the bladder can be emptied

by manual pressure. In bladder affections of moderate severity quite

good results are often obtained with tincture of nux vomica in doses
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of ten to twenty drops three times a day. Of course other prei)ara-

tions of strychnine may also be used.

As a rule, the sexual disturbances demand no treatment. In the

rather rare cases of excessive sexual excitement bromide of i^otassium

and cold compresses may be employed. Generall}^ there is sexual

weakness or impotence. In this case nothing is to be done, for it is

quite unnecessary that tabes patients should have coitus or beget

children, and even should the latter be desired for special reasons,

we have not the power to be of assistance. Many jjhysicians wish to

oblige patients who have a desire for sexual pleasures, and with that

object in view many baths and much electricity and medicine are

given; this is also not one of the least reasons for employing the sus-

pension treatment. But none of these things is usually of any avail.

Any mild aperient may be taken for the constipation which is

commonly present. This may be continued for many years without

harm if the remedy is changed from time to time. Electricity and

massage, etc., are expensive and do no good.

Decubitus, perforating ulcer, and other affections of the skin,

fractures, and arthropathies are of course to be treated according to

the rules of surgery—of conservative surgery.

It is rarely necessary to treat the paraesthesise. If the patients

demand treatment external applications may be tried. AH sorts of

cutaneous stimulation may also be employed for the anaesthesia, but

generally there is no occasion for interference. On the other hand,

the patients generally demand help for the affections which are due

to the anaesthesia, especially the ataxia. The best remedial meas-

ure for this is systematic exercise. Many a thoughtful physician

has no doubt advised exercise for the ataxic tabes patients, and I have

known patients who of themselves learned how to suppress their ataxia

by exercises, but it is only recently that the subject has been method-

ically approached. Frenkel first recommended exercise as a for-

mal treatment of the ataxic. Quite material benefit, in fact, maj- be

attained by it, which is not only good for the patients but very inter-

esting theoretically. In all the methods of treating tabes their advo-

cates have always called attention especially to the fact that bj' means

of them those who were completely ataxic had learned again to walk.

They shake their heads when assured that this is the effect of sug-

gestion, for how could suggestion act upon the posterior columns upon

the degeneration of which the ataxia depends? The answer is that

neither suggestion in general nor Frenkel' s method acts upon the

posterior columns or upon the "coordinating paths," but upon the

cerebral cortex. Upon its activity depends the accuracy of the volun-

tary movements, and exercise of it restores, so far as that is possible,
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the accuracy of movement when disturbed by insensitiveness of the

joints, etc.

The French have very appropriately termed Frenkel's method
re-education ; in fact, it is a mode of education. Its essence is that

the patient learns to execute slowly and correctly with the aid of

the eyes certain prescribed movements. At first, the patient being

recumbent, he is required to raise each leg in succession to a certain

height, to flex, extend, abduct, and adduct his legs, to place one foot

over the other, describing larger or smaller areas, to touch the knee

with the heel of the other foot, to describe circles and squares with

the foot, etc. Then follow exercises in standing with legs apart and

Avith legs close together, with one foot in advance of or behind the

body, in sitting down and in rising, in bending the knees and in

straightening them, in standing upon one foot and upon tiptoe.

Finally come exercises in walking in time with measured steps, if

necessary with the support of " running poles". (a kind of parallel bars)

or of the arms of others, or with one or two canes, in " walking a line,"

and in walking forwards and backwards. The exercises should not

exhaust the patient, and ought therefore not to be continued too long,

especially at first, but may be repeated several times during the dsbj.

It is much more rarely necessary to prescribe arm exercises than leg

exercises, ataxia of the arms being rather rare. But in this case the

multiplicity of exercises possible is much greater and more scope is

given for the ingenuity of the physician. Frenkel gives a large num-
ber of exercises : simple movements of the hands and of the fingers,

drawing lines, describing figures, catching swinging balls, putting

pegs into holes, counting money, writing, etc. It is desirable that

all the exercises should be performed under the supervision of the

physician or at least of some intelligent person who understands the

object in view. The result depends upon three conditions, to wit,

the skill of the teacher, the character of the patient, and the kind of

tabes.

Verj' naturally strength of character and mental ability in the

patient are of importance; a clever and persevering patient will

gain more than one who is stupid and indolent. And, on the other

hand, from the outset a strong-willed and self-reliant man will not

give way to the ataxia so much as a weak-minded or nervous in-

dividual, who is open to unfavorable suggestions. Frenkel's treat-

ment will manifestly attain the most brilliant success in the case of

those who have taken up arms against the ataxia in good season.

It becomes evident during the treatment of those who give them-

selves up to the disease, so to speak, in fear and despair, how
large a [)art of their motor disturbances are of a psychical nature.
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Amblyopia or blindness is an obstacle in the way of imijrovement.

Fortunately blind tabes patients are not often ataxic. A distinction

should be made between acute progressive ataxia and the common
form which develops slowly. The former, as is known, disappears in

part spontaneously after a time. So long as it advances there is ntjt

much to be done ; rest is the best thing for it. If treatment happens
to begin as the natural improvement sets in, it is apparently brilliantly

successful. Only chronic ataxia affords really a good test of the

treatment.

Before the tabetic paralyses the jDliysician is almost jjowerless.

As has been already explained, we have to distinguish between the

transitory and tlie permanent paralyses. The fnmer, especially the

transitory paralyses of the (jcular muscles, are apparently tractable

under treatment, that is, if the patient, or even the physician, does

not know their natural course, mercury or iodide of potassium, or

strychnine, or electricity may appear triumphantly successful. That
this success is deceptive is seen from the complete inefficacj^ of the

same remedies in the permanent paralyses.

Treatment is also quite powerless in atrophy of the optic nerve.

It may advance rajjidly or slowly, or it may become stationary, but

there is no true improvement. Long-continued injections, beneath

the skin of the temporal region, of the cyanide of gold and sodium or

of the cyanide of mercury have their advocates still, but I fear that

they suit the physician better than the patient.

If the physician who is consulted by the tabes patients recognizes

the disease, he should not mention its name to the patient. Gener-

ally the patients come with the idea that disease of the spinal cord

condemns them with certainty to an agonizing death. I am accus-

tomed to say to them :
" You have a chronic nervous disease, wdiich

cannot be perfectly cured, because in it some nerve fibres are destroj' ed.

But if you live prudently you may in all probability keep at work

even if you are ill, and you may live long." Rules for the conduct of

the patient's life are then to be given. Exposure to cold and over-

exertion must be avoided. The patient must have a dry and if pos-

sible a sunny dwelling. If his occupation exposes him to cold or to

the risk of excessive bodily exertion, he should seek other employ-

ment. Warm clothing is necessary in cold weather. The feet espe-

cially should be kept warm. Fatiguing hunting, mountain-climbing,

and long-continued riding must be given up. In all his activity the

rule should be not to hurry and never to go further than the begin-

ning of fatigue. Alcoholic beverages are to be taken sparingly.

Abstinence is best, but is not always to be attained, and, according to

our present knowledge, small amounts of alcohol do no more harm
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to the tabetic than to the healthy. Tea and coffee are to be allowed.

A few mild cigars are also permissible, for it is wrong to forbid more

than is absolutely necessary. The xjatient may eat what he likes and

can digest. If the patient is married, he may indulge in coitus if

nature prompts. Emotional excitement is injurious to every one, es-

l^ecially to every invalid, and for the tabetic to refrain from worry

and excitement is often of more value to him than medicine. Life in

the open air is very beneficial. The rich may spend the winter in a

mild climate, which enables them to live more out of doors.

Other psychical treatment is partly direct and partly indirect.

Hypnotic suggestion is seldom indicated in tabes patients, because

by it only individual symptoms, as the pains and ataxia, are influenced

and because the majority of the patients, educated men of more or

less advanced age, are but little receptive of suggestions. If suscep-

tible individuals are met with, a few observations show whether good

results may be obtained. Yet for the ataxia I would advise in prefer-

ence the education already described. The pains come so irregularly

that thej' cannot be anticipated, and if already present, they generally

interfere with direct suggestions.

A certain general education of the patient is important. The phy-

sician should try to make it clear to him that it is better to endure the

inevitable wisely and patiently than to lament and constantly to seek

new remedies. If he is tolerably comfortable he should not be tak-

ing medicine constantly, and for that reason he should know that a

complete cure is impossible. This the physician should tell him

frankly, but of course to encourage hopes of improvement is not only

jjermissible but necessary.

Aside from the symptomatic treatment, medicinal treatment serves

as a means of indirect suggestion. In this the physician should give

non nocere the first place. A simple hydrotherapy, the treatment cus-

tomary at bathing resorts, and the administration of harmless medi-

cines are chiefly to be recommended. I know some intelligent tabes

I)atients who visit a spa or the seacoast or some other summer resort

every year, and who take medicine to combat the pains, but abstain

from all other treatment and keep relatively comfortable.
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THE COMBINED SYSTEM DISEASES OF
THE SPINAL CORD.

ExPEKiENCE teaches that the diseases of the nervous system may be
divided with respect to their localization into two great groui)s—into

systematic and non-systematic (diffuse) diseases. By systematic

diseases (or system diseases) we understand those affections in which
only nerve cells and nerve fibres, that is, neurons, which have a defi-

nite physiological function are attacked. The aggregate of all the

neurons which subserve a definite physiological function is called a

neuron system. And in classifying them according to our point of

view we may distinguish general and comprehensive neuron systems,

and subdivisions of these, or special neuron systems. Thus, for ex-

ample, we may group all the sensory nerves, that is, all those neurons

which conduct external stimuli from the surface of the body to the

seat of our consciousness, collectively in one great sensory neuron
system. But in this great sensory system we may distinguish nu-

merous subdivisions (the optic neuron system, the auditory neuron
system, the neuron system for sensations from the surface of the skin,

etc.), and each of these subdivisions may be still further divided

(neuron systems for the sense of touch, for the sensations of temper-

ature, for the individual primary colors, etc.).

The interesting fact that sometimes only the neurons which belong

to a certain physiological system become diseased, all the other

neurons remaining perfectly normal, is to be explained, so far as our

present knowledge goes, as follows

:

First, the clinical facts show that certain neuron systems are ab-

normally weak and sicklj^ in some persons from birth. "Wliat the

primary cause of this abnormality is we do not know. But very fre-

quently it presents itself most distinctly as a hereditary or family

affection. The highest degree of such a congenital abnormality man-
ifests itself in the total failure of development of a certain neuron

system. Thus, for example, cases occur of congenital spastic paraly-

sis of the extremities which are due to the fact that the pyramidal

tracts (the central motor neurons) have not developed at all (the so-

called agenesis of a neuron system). But in other cases the neuron



884 STEUMPELL—COMBINED SYSTEM DISEASES.

systems in question are at first apparently normally developed and

functionate in a perfectly normal way. Yet sooner or later in the

course of the patient's life they are aiOfected by a slow degeneration

(atrophy) without the intervention of any special external cause.

We may suppose that such neuron systems, abnormally weak ab ori-

gine, are injured and worn out by the very exercise of their functions,

or that the mechanisms within the organism which should supply the

constituents of the organ which have been consumed in its functionat-

ing are insufficient.

The second group of causes upon which the development of neu-

ron system diseases depends are external in their nature. We
know that certain chemical substances act upon the organism as

poisons, that is, that they have an injurious influence because of their

chemical action upon certain constituents of the organism. In con-

sequence of the peculiar chemical nature of the poison such injury

is often inflicted only upon certain definite cells of the organism, and

these, as experience shows, are often well-defined neurons, that is,

the neurons of a certain physiological system. Thus we know that

lead has a toxic eifect only upon certain motor neurons, that mor-

phine acts only upon certain sensory neurons, etc. We know with

regard to many poisons that, if long continued, they may so damage

certain neuron systems that the latter may degenerate completely.

The poison of ergot injures certain sensory neuron systems and

hence produces systematic degenerations in the posterior columns of

the spinal cord. The poison of spoiled Indian corn (in pellagra) and

that of lathyrus (one of the Leguminosfe) if taken for a long time

often cause degeneration of motor neurons (degeneration of the lateral

columns of the spinal cord).

But most common of all is the action of toxins which originate

within the body, almost always in connection with infectious diseases.

Such toxins, the presence of which has as yet been positively proved

in but few cases, similarly to the above-mentioned poisons, act directly

upon the neurons, attacking chiefly certain definite neuron systems.

The toxins of numerous acute infectious diseases affect particularly the

peripheral motor neurons (so-called neuritis after tj'^phoid fever, etc.)

;

other toxins, such as the toxins of diphtheria, attack sometimes mo-
tor neurons (diphtheritic paralysis), sometimes centripetal sensory

neurons (diphtheritic ataxia), causing degeneration. Of the greatest

practical importance are esi:)ecially the postsyphilitic toxic system

diseases, of which degeneration of the peripheral sensory neurons (the

so-called tabes dorsalis) is very common, while postsyphilitic toxic-

degeneration of motor neurons (postsyphilitic sclerosis of the lateral

columns) is of far rarer occurrence.
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We see, accordingly, that we must divide all system diseases into
two great etiologically different groups : first, the endogenous system
diseases due to abnormal congenital development; and second, the
exogenous system diseases caused by external injurious influences

chiefly of a toxic nature.

The endogenous system diseases all present the following pecu-
liarities : first, they appear very often as hereditary or family dis-

eases, which of course does not mean that the abnormal development
may not occasionally manifest itself in an isolated individual. Sec-
ondly, they generally make their appearance in early life, often in chil-

dren, or at least within the first two decades. The more careful the
investigation the more early is the beginning of the affection found
to have been. In isolated cases, however, the abnormal development
may first become manifest only in advanced life. Thirdly, they gener-

ally have a very slow but steadily progressive course—at least within

the region which is attacked—and are incurable, that is, they cannot
be sensibly influenced by any external means.

The exogenous system diseases, according to the nature of the toxic

influence, may develop in widely different ways. They may some-
times be acute in their development (as, for example, certain paraly-

ses and ataxias after acute infectious diseases) and are then not

rarely completely curable, the neurons being only in part damaged
and recovering again their normal constitution and extent. Or
they pursue a chronic course and are incurable because the neurons

are completely destroyed and cannot of course be re-created by any
means.

We may assume that it is completely proved for all system dis-

eases that the affection always has its origin in the neuron itself and
not in the glia or connective tissue, or in the blood-vessels and the

like. The changes which are found in all systematic diseases in the

interstitial tissues and in the blood-vessels are certainly of a secondary

nature, having arisen in consequence of the primary destruction of

the nerve tissue itself. How the disease develops in the neurons has

not yet been accurately determined, but the kind of disease is always

the same ; it consists in a slowly or rapidly advancing atrophy (degen-

erative atrophy) of the nerve elements themselves, which has no in-

flammatory character. Numerous facts go to show that the visible

degeneration generally begins in the terminal ramifications of the

neuron (in the axis cylinder and the nerve processes) and only grad-

ually approaches the centre of the neuron, the nerve cell in the nar-

rower sense of the word. In some cases the nerve cell itself may also

perish, in others it may be preserved for a long time. Occasionally

the process even appears to attack the nerve cell at a relatively early
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period, before its peripheral processes have degenerated. The latter

then become diseased secondarily.

On account of the fact just mentioned that in all system diseases

the neuron itself is the point of origin of the degeneration, it has been

recently proposed to give up the expression, " system disease" and to

substitute for it the term " neuron disease." I cannot regard the pro-

posed change a happy one, for since the nervous system in general,

aside from the interstitial tissue, is composed solel}^ of neurons, every

disease of the nervous organ is as a matter of course a "neuron

disease." We might then speak of "primary systematic neuron dis-

eases" in contrast with the diffuse and secondary neuron diseases,

but instead of this we use, what is in reality a more accurate and

suitable name, the briefer designation "system diseases."

The system diseases of the nerve organs are divided into simple

and combined system diseases, which means that in some forms of

such disease only one neuron system, or at least neuron systems of

the same physiological function, are attacked; in others several

neuron systems of different phj^siological functions. It is necessary to

add this last qualification, because a sj^stem which is physiologicallj^

a unit may consist of several adjacent neurons. If several of such

neuron systems which belong together, physiologically speaking, be-

come diseased, we call the disease generally a simple not a combined

system disease. Thus, for example, the corticomuscular paths consist,

as is known, of two groups of neurons, of which the first, the central

group, extends from the motor region of the cerebral cortex to the

spinal cord, and the second from the motor ganglion cells of the spinal

cord to the muscles. If these two related neuron groups become dis-

eased, as is the case in amyotrophic lateral sclerosis, we call it a

simple system disease (of the great corticomuscular conduction sys-

tem). It is different with diseases which, for examjile, affect simul-

taneously systems of the posterior and of the anterior root zones

(combined diseases of the posterior and lateral columns and the like).

Here there is a simultaneous implication of neuron s^^stems of quite

different physiological significance and hence such diseases are rightly

called combined system diseases.

Some system diseases occupy, as it were, an intermediate position,

tabes dorsalis especially. This depends essentially upon a degener-

ation of the centrii)etal peripheral neuron system which enters the

spinal cord through the posterior roots. In this sense it can be re-

garded as a simple system disease. But the peripheral neuron system

of the posterior roots is much more com])lex in its physiological rela-

tions than that of the anterior roots. In the posterior roots and their

(jontinuations run fibres which subserve the functions of sensibility,
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coordination of movements, and innervation of the bladder and
rectum. And further neuron systems are also very often diseased in

tabes which innervate the pupil or belong to the optical system
(nervus opticus), etc. Tabes is therefore really a very complexly
combined system disease, and it is only from the point of view of the

centripetal conduction of all the affected systems that we are able to

consider tabes as a simple system disease or a part of the great cen-

tripetal conduction system which jjroceeds from the periphery of the

body. Because of this conception of the disease, tabes will not be
treated of in tliis article, but separately.

If we omit tabes, there remain the following forms of combined
system diseases which are to be more fully discussed in the following

pages.

I. Endogenous combined system diseases : 1. Hereditary or fam-

ilial ataxia, the so-called Friedreich's disease; 2. Hereditary or

familial spastic spinal paralysis.

II. The exogenous combined system diseases of the posterior and
lateral columns of the spinal cord.

Hereditary Ataxia (Friedreich's Disease).

Hereditary ataxia occurs with special frequency in brothers and
sisters, whose parents or other ascendants have not had the disease.

It is comparatively rarely that the disease is found in members of the

same family in different generations, in which event it is frequently

not quite typically developed. Whether any especial external mo-
ments are of influence upon the origin of that peculiar congenital

predisijosition which subsequently manifests itself as an early slow

decay of certain neuron systems, we do not know. In most cases the

parents of children who have Friedreich's ataxia appear to have been

perfectly normal and healthy. But it has been thought that especial

weight might be given to certain conditions, such as blood relationship

of the i)arents, unusual difference in the ages of the two parents,

syphilis or alcoholism in one of them, a general predisposition to

nervous diseases, and the like. But a great significance should not

be ascribed to any of these conditions.

The reason that the disease occurs far more frequently in the

brothers and sisters of a family than by heredity in different genera-

tions may be in part that patients with Friedreich's disease rarely

marry. But I know a patient with very severe Friedreich's disease

who is married and whose children as j^et are all healthy.

Nor should we by any means think that the disease occurs only in

family groups. Isolated cases which are quite characteristic are not
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rarely met with in persons all of whose brothers and sisters continue

to be perfectly healthy. Such isolated cases have been observed with

especial frequency of late, now that a knowledge of the disease and

the ability to diagnosticate it correctly have become more widely dis-

seminated.

From the earlier cases it seemed that the female sex was more

predisposed to the disease than the male sex; but this appears to

have been purely a matter of chance. If a large number of cases are

examined, it is found that males are at least as frequently affected as

females—from my own experience I might say even somewhat more

frequently.

It is not easy to answer the question at what age the symptoms of

the disease, as a rule, first appear. The disease develops with such

extreme slowness that the patients, especially as they are often chil-

dren, hardly notice its first beginnings. The time at which the more

marked disturbances of the common acts of walking, eating, dressing,

etc., first appear is consequently generally fixed as the time of the

commencement of the affection. But the more careful the investiga-

tion the earlier is the first appearance of the disease found to have

been. Sometimes the parents state that they have never had a really

normal past, that they have always fallen easily, have always been

clumsy in their movements, and the like. In such cases, then, the be-

ginning of the disease dates back to the earliest youth. On the other

hand, cases also occur in which the first manifestations of the disease

appeared in the sixth to the tenth year, and it is even frequently the

case that the beginning of externally conspicuous symptoms is as-

signed to the years of puberty (the thirteenth to the sixteenth year).

Cases have even been reported which developed in far more advanced

years (the fortieth to the sixtieth year). But such cases cannot be

regarded as belonging to the typical form of Friedreich's disease.

Etiology.

Nothing, as a rule, can be found, if a search is made in the indi-

vidual cases for external etiological factors. The disease has devel-

oped very gradually "of itself." But not very rarely an external ex-

citing cause appears to be of some importance, above all the occurrence

of some acute disease. With surprising frequency the parents state

that they first noticed the abnormal gait immediately after scarlet

fever, typhoid fever, influenza, measles, or the like. Yet if we in-

quire more closely, we sometimes learn that the disease was probably

present in a very mild form previously, and that the new acute disease

has merely led to its more rapid development.
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Symptoms.

The cardinal symptom of Friedreich's disease, from which the

disease receives its name, is the ataxia—a common ataxia, a disturb-

ance of the coordination of movements, just such as occurs in tabes

dorsalis, in many cases of multiple sclerosis, and in numerous other
diseases. The extent and degree of this ataxia are its characteristic

features.

The ataxia begins, as a rule, in the lower extremities and in the

trunk ; whether earlier in one than in the other of these localities, I

am unable to say. It is almost always first recognized by changes in

the ability to stand and to walk. The patients lose the power to

stand steadily, and acquire an uncertain, tottering gait. If a patient

with Friedreich's disease is required to stand erect and motionless

with his feet close together, it is found that he does not stand

quietly but that his body oscillates more or less (plastic ataxia).

If the disease is further advanced, the patients can no longer stand

at all with feet together but only when their feet are wide apart. With
farther ijrogress of the disease standing at all is impossible. In
order that the body as it sways may not fall, the patients, so long as

they are able to stand alone, are obliged to make continually correct-

ing muscular contractions. If, therefore, an unclothed patient with

Friedreich's ataxia is observed while standing, continuous fine con-

tractions with prominence of the tendons are noticed in the muscles

of the legs, especially in the muscles which move the feet.

When the patient's eyes are shut, in my own experience the sway-

ing of the body is as a rule increased (the so-called Romberg's symp-
tom) . Other observers have failed to find this phenomenon in Fried-

reich's ataxia. I do not believe that there are any fundamental

differences here. The majority of patients who suffer with ataxia of

the legs or of the ti'unk for any reason become accustomed to give

their movements an increased degree of certainty by means of constant

control with the eyes. Hence it is noticed that most patients with

Friedreich's ataxia as a rule hold their heads bent forward in order

to follow their movements with the eyes. If their eyes are shut,

this control is lost and at the same time there is a subjective feeling of

anxiety and of greater insecurity, and the oscillations of the body are

increased until there is danger of the patient's falling. There has

been too much theorizing in my opinion about Romberg's symptom
in general. This depends, as observations in Friedreich's ataxia

teach, neither upon ansesthesia of the soles nor upon a disturbance of

the muscular sense, but is simply the consequence of the loss of the
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control from the sight, which somewhat diminishes the manifesta-

tions of all ataxias. The degree in which Romberg's symptom is

manifested depends upon the degree of the ataxia and upon the indi-

vidual habit of the patient of utilizing his sight for the improvement

of the ataxia.

The ataxia declares itself as distinctly or even more distinctly in

walking than in standing. The patient gradually becomes more and

more tottering, unsteady, reeling in his gait, until finallj^ he cannot

walk at all without the assistance of others. Even the first observers

of Friedreich's disease noticed that the gait of hereditary ataxics does

not precisely correspond with the gait of most tabetics, but rather with

that of patients with cerebellar affections ("cerebellar ataxia"). The

difference consists in this, that the tabetic has generally the power of

walking in a straight line, but the movements of his legs in walking

resemble flings and kicks. The movements of the legs are ataxic while

the trunk is carried firmly and securely upon the thighs. In Fried-

reich's ataxia—and this is in fact very characteristic of it—the ataxia

of the legs is from the first combined with ataxia of the trunk. Hence
the patient's whole body reels and sways as he walks. His gait re-

sembles that of a severely intoxicated person.

At the same time the movements of the legs themselves are ataxic,

as can be seen, if the patient is examined in bed and is required to

perform the knee-heel test (touching one knee with the heel of the

other foot) or other complicated movements with the legs. But the

fact is above all characteristic for Friedreich's ataxia that the ataxia

very soon makes its appearance in the upper extremities. Hence all

the more complex movements of the hands (sewing, writing, dressing,

etc.) become more and more difficult and finally impossible. If the

patient is asked, his arms being extended, to bring his index fingers

together, or to touch with the finger objects which are held before

him, the ataxia becomes most distinctly apparent.

In general, the ataxia first shows itself in the trunk and in the

lower extremities and only subsequently involves the arms. But cases

occur in which the unsteadiness becomes apparent in the arms at an

earlier time than in the legs.

Besides the ataxia two other symptoms are to be mentioned which
Friedreich himself regarded as other special localizations of the ataxia,

viz., disturbances of speech and nystagmus. The disturbances of

speech are supposed to depend upon an ataxia of the speech muscles,

and the nystagmus upon an ataxia of the eye muscles. Wliether this

view is correct, further investigation will decide, if it actpiaints us with

the as yet entirely unknown anatomical Imses of these two symptoms.
The speech disturbances appear almost always only in the more
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advanced stages of the disease. Sometimes they may be entirely ab-

sent or very slightly apparent. The speech becomes slower, some-

times scanning, the articulation indistinct and confused, the modula-

tion of the voice monotonous. Some syllables are uttered rapidly,

others are much prolonged.

The nystagmus also first appears after long duration of the dis-

ease. It manifests itself not only during the movements of the eye,

but also during the (especially lateral) fixation of an object. Accord-

ing to my own experience nystagmus is rare and certainly not char-

acteristic of the disease. In cases in which it is not detected, it is said

that it may be produced, if the patients are caused to revolve pas-

sively a few times about the axis of their own bodies. This phenome-

non has not been observed in my i^atients.

As a rule, the power of the muscles is comjiletely preserved for

many years. Even with the most marked ataxia, as in the tabetic,

there is often no evidence of true muscular paresis. But if the dis-

ease continues to advance a decided weakness (paresis) of the mus-

cles, especially of the legs, does finally develop. The movements

become feeble and are more readily checked by passive resistance.

Hence the gait of the patient now assumes a somewhat different char-

acter; it becomes ataxic-paretic, the knees give way easily and the

legs are dragged in walking. Walking now often becomes impossible.

Whether a true paralysis (paraplegia) ever results in Friedreich's

disease, I do not know. As a rule, the process does not advance be-

yond a simple paresis.

Paralyses within the region of the cerebral nerves (eye muscles,

etc.) have as yet not been observed in hereditary ataxia.

The nutrition and the volume of the musculature remain com-

pletely normal for a long time, as well as the electrical excitability.

It is worthy of note that many patients have always had a weak,

poorly developed musculature. I have been especially struck by the

deficient development of the leg muscles. As we shall see farther on,

pronounced muscular atrophy may be combined with hereditary ataxia.

In one of my cases the great, certainly congenital, thinness of the

toes was noticeable.

The tonus of the muscles, in general, is not so diminished as in

tabes. Passive movements not infrequently encounter a certain mus-

cular resistance, but contractures do not generally occur. But a

marked position of liy])erextension in the great toe and occasionally

also in the other toes is often noticed. The development of clubfoot

—by no means a common complication—is probably always connected

with paresis and atrophy of the peroneal muscles. In this connection

it may also be remarked that the spinal column shows remarkablj'"
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often a slight scoliotic or kyphoscoliotic curvature. I am of the opin-

ion that this is, to a certain extent, a sign of degeneration, a stigma of

defective development, as is the case with the not infrequent scoliosis

of patients with syringomyelia. As Friedreich himself insisted, the

seusibility of the patients is entirely, or almost entirely, unaffected.

This fact of the development of an uncommonly marked ataxia with-

out a simultaneous diminution of the sensibility of the skin and of

the muscles is of great theoretical importance, because it proves with

certainty that ataxia is not the result of a disturbance of sensibility.

Notwithstanding the most careful examination, I have been unable

to find any abnormalit}^ in the cutaneous and muscular sensibility in

several patients with very severe hereditary ataxia. But that does

not mean that disturbances of sensibility never occur. On the con-

trary, in advanced cases careful examination often discloses slight

disturbances of the cutaneous sensibility, especially in the ends of

the extremities (hands and feet), sometimes also slight disturbances

of the muscular sense. More pronounced anaesthesia, as in tabes, is

certainly quite exceptionally if ever present. Pains and parsesthesiao

are likewise generally completely absent, having been observed in

isolated cases onlj'.

The examination of the reflexes is of great importance. While the

cutaneous reflexes of the soles of the feet are generally perfectly nor-

mal (the cremaster reflex and the abdominal-wall reflex I have found

in part normal, in part indistinct) the tendon reflexes are entirely ab-

sent. Next to the ataxia the extinction of the patellar reflex in es-

pecial is the most important and most constant symptom of the dis-

ease and also one that appears at a very early age. On the other

hand, in contrast with tabes, reflex iridoplegia is practically never

seen.

The vesical and rectal functions remain unaffected even in the ad-

vanced cases, again a very striking contrast to tabes. The psychical

functions of the patients in the ordinary cases hardly suffer any

material change. Yet a certain mental dulness is sometimes present

in advanced cases.

Uncommon and Complicated Forms of Hereditary Ataxia.

As we have seen, Friedreich's disease is only an especial form

of that great group of diseases which may be comprehended under

the name of "hereditary system diseases." That form is to be desig-

nated the typical form of Friedreich's disease in which the clinical

picture consists essentially in ataxia without disturbances of seusibil-

ity, absence of the patellar reflex, at a later time disturbances of speech

and muscular paresis. But it is certainly not surprising if in a hered-
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itary nervous disease nervous disturbances occasionally appear in other

regions also, which likewise depend upon an abnormal hereditar}^ pre-

disposition of certain j^arts of the nervous system. There are nu-

merous other hereditary nervous diseases besides Friedreich's disease,

and it is consequently quite clear that Friedreich's disease might

occasionally be combined with other symptom complexes, which in

their turn are peculiar to certain other forms of hereditary nervous

disease. Thus, for example, cases have been observed in which the

symptom complex of Friedreich's disease was combined with jjrogres-

sive muscular atrophy (that typically hereditary or familial affection).

The " peroneal type" of progressive muscular atrophj^ appears with

especial frequency in conjunction with hereditarj^ ataxia and then leads

to the formation of a clubfoot, as already mentioned. The atrophy

of the muscles about the shoulder, corresponding to "Erb's juvenile

type," has also been observed. In other cases peculiar irritative

motor phenomena, choreic movements and tremor, have been met

with, symptoms which probably are related to the hereditary choreic

and tremor affections. Marked spastic phenomena with abolition of

the tendon reflexes, atrophy of the optic nerve, dementia, etc., have

also occasionally been found in connection with other symptoms
which correspond completely with Friedreich's disease. All these

observations warn us against too schematic conceptions of Fried-

reich's ataxia. It is really much more strange that so many entirely

similar " tj^pical" cases actually occur, than that deviations from the

type and transitions to other types of hereditary nervous affections

are so frequently found. We believe then that if the subject be

viewed from a general standpoint no especial difficulties will be pre-

sented by the variations in the symptoms of the individual cases.

Course and Prognosis.

As to the general course of Friedeich's disease we have little to

add to that which has already been said. The further course of the

affection is chronic like its beginnings, and a duration of ten to

twenty years is not exceptional. Marked variations, especially im-

provement and remissions of the disease, hardly occur except jjer-

haps slight transitory improvements, which generally are to be

ascribed to more complete rest or better care and nourishment of

the patients. We can speak more correctly, however, of temporary

periods of arrest of the disease. At least I know of cases in which

careful investigation detected no clearly perceptible change in the

manifestations of the disease after intervals of one or two years.

Nevertheless the course of the disease in general is steadily progres-
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sive and incurable. The ataxia steadily increases and the paresis of

the muscles becomes more and more marked. New disturbances

(speech disturbances, mental weakness, etc. ) make their appearance.

The general nutrition and strength become more impaired.

The final fatal issue, which is often preceded by long illness, is

the result in part of the general loss of strength, in part of secondary

complications (accidental acute diseases, pulmonary tuberculosis, and

the like).

Pathologhcal Anatomy.

Our knowledge as to the pathological anatomy of Friedreich's

disease is in many respects defective. New and thorough patho-

logical investigations aided by good methods and pursued with refer-

ence to our present incomplete conceptions as to the anatomy and

l^hysiology of the nerve paths are urgently needed.

Eelatively best known are the anatomical changes in the spinal

cord. This has repeatedly been found as a whole remarkably small

and thin (also the medulla oblongata). This condition depends per-

haps in part upon a congenitally abnormal constitution, in part it is

also probably the result of the loss of numerous systems of fibres

and of the general inactivity. As another sign which points with the

greatest probability to abnormal congenital conditions it may be men-

tioned here that congenital abnormalities of the central canal (syrin-

gomyelia, central gliosis) have been repeatedly observed.

The characteristic change of the si:)inal cord consists in a com-

bined systematic degeneration of various fasciculi of fibres in the

posterior and lateral columns. In the posterior columns the degen-

eration is widespread, as a rule certain marginal zones in the vicinity

of the posterior cornua (which contain short paths) alone escaping.

Not only Goll's but also Burdach's columns are much degenerated.

Nothing is known with certainty as to the condition of the dorso-

median sacral fasciculus in the lumbar cord, which generally remains

intact in tabes, but it seems to be unaffected likewise in Friedreich's

disease. There are contradictory statements as to the condition of

Lissauer's zone near the head of the posterior cornua. In some
cases which were carefully examined, Lissauer's fibres were in the

main well preserved, which is a decided contrast to their condition

in tabes. The fibres which enter the gray posterior columns are much
diminished and the posterior cornua are consequently distinctly les-

sened in size. Nothing is known as to the condition of their ganglion

cells.

In the lateral columns there is coiistautly found marked degener-

ation of the direct cerebellar tracts and a generally slighter degenera-
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tion of the lateral pyramidal tract. When the anterior pyramidal
tract is present, this is also implicated. The so-called fasciculus of

Gowers (anterolateral ascending tract) appears as a rule to be simul-

taneously affected. The gray anterior cornua and the other por-

tions of the spinal cord remain normal. On the other hand, the cells

of Clarke's columns from which the fibres of the direct cerebellar

tracts arise are found to be atrophied.

The posterior roots are distinctly atrophied and the number of

their fibres is diminished. The anterior roots are normal. As to

the condition of the spinal ganglia nothing definite is as yet known,

nor have we knowledge, which is greatly to be desired, of the condi-

tion of the peripheral nerves. The brain is essentially normal. Es-

pecially are there found no striking abnormalities in the cerebellum

in genuine Friedreich's disease.

The changes, then, which may be at present accepted as certain,

are marked degeneration of the fibres of the posterior columns and
of the direct cerebellar tracts, and generally a slighter degeneration

of the pyramidal tracts. It will be seen that these anatomical find-

ings agree well in general with the two chief clinical sj^mptoms of the

disease. The ataxia, so far as it affects the trunk, certainly depends

upon the disease of the posterior columns, perhaps also upon that of

the direct cerebellar tracts. The paresis, later in development, is the

result of the implication of the pyramidal tracts. The whole clinical

course of the disease proves that the affection of the posterior col-

umns always long precedes that of the pyramidal tracts. For symp-
toms due to the posterior columns alone are present for a long time

(ataxia, absence of the patellar reflex), and it might be possible that,

if {I case of Friedreich's disease accidentally came to autopsy at a

very early period, no degeneration of the pyramidal tracts would be

found.

The fact is surprising and at the first glance almost unintelligible

that in Friedreich's disease, notwithstanding the often very extensive

disease of the posterior columns, disturbances of the sensibility of the

skin and of the deeper tissues are practically entirely absent. This

physiologically very important fact can only be explained provision-

ally by the assumption that the fibres devoted to the conduction

of sensory impressions to the brain for the most part do not run

through the posterior columns, but enter at once into the gray mat-

ter of the posterior cornua and then pursue their further course in

the lateral columns. Attention is to be directed in this connection to

the fact that Lissauer's zone is not implicated. The centripetal fibres

of the posterior columns must consequently have chiefly coordinating

functions. Just as remarkable is the absence of disturbances of the



896 STRUMPELL—COMBINED SYSTEM DISEASES.

bladder and rectum. With regard to this point, a careful comparison

of tlie anatomical findings of tabes with those of Friedreich's disease

might bring to light important facts.

We have no knowledge whatever of the anatomical basis of the

other rarer symptoms of Friedreich's disease, especially the disturb-

ances of speech and the nystagmus.

Diagnosis.

The diagnosis of a typical case of Friedreich's disease is not, as

a rule, of the slightest difficulty to the experienced. The appearance

of the symptoms in early youth, or perhaps in other members of the

family, the ataxia of all the extremities and of the trunk with absence

of patellar reflexes but with normal sensibility of the skin and the

deeper parts—all these are such striking phenomena that they can

hardly fail to be recognized. Friedreich's ataxia is distinguished

from tabes dorsalis in especial by the absence of lancinating pains,

of disturbances of sensibility^ of bladder symptoms, and of reflex iri-

doplegia. I have never known any difficulties to arise in the differ-

ential diagnosis between tabes and hereditary ataxia.

Multiple sclerosis may sometimes require consideration in the

diagnosis. The ataxia of the extremities together with absence of all

disturbances of sensibility which occur in this disease may produce

a clinical picture which at the first glance resembles Friedreich's

disease. But the ataxia of the trunk, which is generally much more

pronounced in the latter disease, and the absence of the tendon

reflexes, in contrast with the spastic phenomena, which are hardly

ever wanting in multiple sclerosis, make the distinction easy. The
gait of Friedreich's disease is reeling-ataxic ; the gait of patients with

multiple sclerosis is spastic-ataxic. Certain symptoms are very often

found in multiple sclerosis which are characteristic of it, but which

are almost always absent in Friedreich's disease (ei)ileptiform attacks

and other cerebral symptoms, paralysis of the eye muscles, atrophy of

the optic nerve, the early appearance of scanning speech, etc. ).

It is of importance to discriminate Friedreich's disease from the

so-called "hereditary cerebellar ataxia," which latter is chiefly due to

a progressive atroi^hy of the cerebellum. In this there is also a reel-

ing gait and a progressive ataxia of the extremities, sensibility and

muscular force remaining normal. Cerebellar ataxia, which is also a

familial disease, is distinguished from Friedreich's disease above all by

the increase in the tendon reflexes. On the other hand, the fact must

not be overlooked that the two affections, being both simply different

manifestations of hereditary system disease, are of allied origin and
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may theiefore liave certain relations to one another. Cerebellar and

spinal hereditary ataxia on the one hand might be compared in a cer-

tain sense with spinal and neurotic muscular atrophy on the other.

But with reference to cerebellar ataxia, further thorough anatomical

investigations are much needed.

Treatment.

Since Friedreich's disease is due to an abnormal condition of the^

nervous system which cannot be changed, the possibility of influenc-

ing the disease therapeutically is unfortunately small. If the predis-

position to the disease exists in a family an endeavor should be made
on the one hand to strengthen the children who are not yet affected,

and on the other to shield them from overexertion. Especially is^

excessive bodily exercise to be avoided.

When the disease is already present, general hygienic and dietetic

measures are still of chief importance—nourishing food, good air^

and avoidance of overexertion. Mild hydrotherapy (rubbing with

cold water, lukewarm baths, douches, and the like) may also be tried,

likewise electrical treatment at intervals—galvanization along the

spinal column and galvanization and faradization of the muscles and

nerves, especially if paresis is present.

A certain, but of course not great, benefit is sometimes obtained

by the so-called "exercise treatment," i.e., by the methodical exercise

of the ataxic extremities by prescribed movements. Further partic-

ulars as to this method (which was introduced by Freukel in the treat-

ment of tabes dorsalis) are to be found in the article which treats of

that disease.

It may be doubted whether drugs have any influence upon the

course of Friedreich's disease. Nevertheless nitrate of silver, ergotin,

arsenic, strychnine, etc., may be tried from time to time. For the

symptomatic treatment various medicines (tonics, iron, preparations

of quinine, etc.) are frequently employed.

In the last stages of the disease the physician will be obliged to

confine himself to a symptomatic treatment of the individual symp-

toms and to securing the patient as good nursing as possible.

Hereditary Spastic Spinal Paralysis.

Hereditary spastic spinal paralysis is a disease which has become

well known only in recent years. The number of clinical observa-

tions and, still more, the number of autopsies are therefore as yet far

too small to permit at present a complete and comprehensive descrip-

VoL. XL—57
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tion of tlie disease. Nevertheless it is possible to affirm even now
that it represents an especial form of hereditary system disease.

It is very important to distinguish at the outset congenital spastic

paralj'sis from the family form of the disease which develops in later

life. Congenital spastic paralysis is due to developmental abnormal-

ities of the nervous system, for the most part an arrest of develop-

ment of the chief motor tracts (so-called agenesis of the pyramidal

tracts). This condition will not further concern us here.

The only form of spastic spinal paralysis which we shall discuss

here develox3S slowly and gradually in individuals who were previ-

ously apparently healthy and had normal powers of locomotion.

Without any demonstrable external cause a peculiar difficulty in mov-

ing the legs appears which may gradually increase to a very high de-

gree. The age at which the first clinical manifestations make their

appearance may vary greatly. But the fact is singular that the first

symptoms are not infrequently detected in the third or fourth decades

of life. But here as well as in Friedreich's disease the more careful

the investigation the earlier will the beginnings of the affection be

found to have appeared. It is certain that in a few cases the disease

begins in early youth (in the tenth to the fifteenth year).

It generally occurs as a familial disease, and is sometimes also

hereditary. This strange malady, then, attacks several brothers and

sisters or several members of the same family belonging to different

generations. It cannot yet be determined whether there is any notice-

able difference in the liability of the two sexes. According to the

observations at present available, the male sex seems to be more fre-

quently attacked than the female sex.

Hereditary spastic spinal paralysis, like Friedreich's disease, may
probably occur occasionally in quite isolated cases (in only one mem-
ber of a family) . But the observations are as yet insufficient to cer-

tainly decide this i)oiut.

Nor do we as yet know what the influence of accidental causative

factors may be, although it will probably be found that they bear the

same relation to this disease as they do to hereditary ataxia.

Symptoms and Course.

The symptoms almost always, it seems, appear first in the legs,

the movements of which become more stiff and laborious. The gait

gradually acquires all those peculiarities which characterize the true

spastic gait. Examining the legs more closely, we find as the cardinal

symptoms a heightened muscular tonus and an increase of the tendon

reflexes. The muscles feel rigid, i)assive movement is made difficult
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by instantaneous muscular resistance, and finally becomes almost

impossible. Tlie patellar reflex is marked; conspicuous fibrillary

contractions are very easily produced. At the same time the nutri-

tion of the muscles is quite normal, and sensibility is not afi'ected.

There is no ataxia, nor are there any disturbances of the bladder, of

the mind, of the medulla oblongata, or of speech, and (upon this I

wish to lay especial stress) the power of the muscles, as a rule, re-

mains normal for a long time. The afi'ection does not, therefore,

lead at once to a paresis of the muscles but only to purely " spastic"

phenomena without simultaneous diminution in muscular force.

Hence, notwithstanding their silastic gait, the patients may some-

times walk for hours without fatigue. And even in the later stages,

when the gait is becoming more and more labored, when finally the

patients can advance only by small, stiff steps, the leg muscles under

such tension that they are as "hard as boards," the feet almost
" glued" to the ground, it is found on careful examination that the

chief cause of this is the muscular rigidity, true muscular paresis

being present only to a slight degree. The condition is found to

differ from this just described only in the last stage of the disease or

in a few special cases.

The course of the disease is always very slow. Years may pass,

during which the patients are still able to work to a certain extent,

since, aside from their singular stiff gait, they have really no symp-
toms. The arms especially retain completely for a long time their

normal power of movement, and only a slight increase in the tendon

reflexes is noticeable in them. Bladder disturbances almost never

occur, or at least in only a slight degree. The nutrition and the

electrical excitability of the rigid muscles remain normal. The sensi-

bility finally manifests generally quite slight abnormalities, which

can only be demonstrated in the feet or legs hj close examination.

These are for the most i)art only quite slight alterations of the sense

of temperature, of touch, and the like.

The helplessness of the patients becomes extreme only when walk-

ing has become very difficult and when even in the sitting posture the

muscular rigidity and the frequent clonic tremors (a simple result of

the enormously increased tendon reflexes) have become annoying.

No improvement in this condition can occur. Death ensues from

some intercurrent disease or from general marasmus.
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Pathological Anatomy.

So far as the as yet scanty anatomical facts permit an opinion,

tlie chief anatomical lesion consists in a very slowly advancing degen-

eration of a tract in the vicinity of the lateral pyramidal tract. The
chief fibres of the lateral pyramidal tract itself appear long to remain

intact, to which the clinical fact also points that true paresis is so late

in its appearance. The principal change must be undergone by those

fasciculi or those fibres to which a reflex inhibitory function is to be

ascribed, the loss of which consequently causes the characteristic in-

crease of the muscle tonus and of the tendon reflexes. The degener-

ation in the vicinity of the lateral pyramidal tracts is most distinct in

the lumbar cord, diminishing towards the cervical cord. How far

upwards it may be followed further investigation must show. Be-

sides the degeneration in the lateral pyramidal tracts a slight degen-

eration of Goll's columns and of the direct cerebellar tracts is also

found. We do not yet know whether these changes are of any con-

siderable clinical importance. The cells in the gray matter of the

anterior cornua are normal.

Treatment.

As follows from what has been said, the treatment can only be

symptomatic. Simple warm baths are of the most service. The
efl'ect of weak, stabile galvanic currents (cathode upon the spine, anode

upon the muscles) may be tried. Little is to be expected of internal

remedies (arsenic, bromine, etc.). The symptomatic treatment is

governed by the special individual indications.

Secondary System Diseases.

We have finally to consider briefly the combined system diseases

in the lateral and posterior columns of the spinal cord which are due

to exogenous causes, especially syphilis, poisons, severe constitu-

tional affections, and pernicious anaemia.

The Sequelce of Syphilis.

A small number of observations makes it seem probable that ner-

vous affections may develop as the result of syphilis in which, in con-

trast with tabes dorsalis, the degeneration is located at first and
chiefly in the lateral columns (lateral pyramidal tracts) and attacks

only to a slighter extent and at a later time parts of the posterior

columns (columns of Goll) and the direct cerebellar tracts. A com-
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plete picture of tliis form of postsyphilitic disease cannot be given as

yet, but the condition is essentially a slowly developing spastic para-

plegia of the legs without any considerable disturbances of sensibility

and with generally only slight vesical disorders.

The recognition of this condition during the life of the x^atient is

as yet very uncertain. The disease may be suspected from the eti-

ology (previous syphilitic infection), the absence of heredity, and the

on the whole somewhat more rapid course in contrast with the fa-

milial form of spastic spinal paralysis; on the other hand, the so-

called syphilitic spastic spinal paralysis of Erb, which is due to

syphilitic dorsal myelitis, is even more acute in its beginnings.

But much more knowledge must be acquired before we can give an
accurate description of this form of combined system disease.

Toxic System Diseases.

The affections of the spinal cord in lathyrism and in pellagra,

which have only recently been well studied, belong in part here. The
careful anatomical investigations of Tuczek have proved with cer-

tainty the occurrence of combined system diseases in the spinal cord

in the latter disease especially. In lathyrism and in pellagra the

clinical spinal symptoms also appear essentially as a spastic pseudo-

paralysis {i.e., impeded locomotion, increase of muscle tonus and of

tendon reflexes) or spastic paraplegia.

Combined System Diseases in Severe Constitntiojial Affections,

Especially Pernicious Ancemia.

In examining the spinal cord of patients who have died of perni-

cious anaemia, aside from diffuse changes and hemorrhages, fascicular

changes are also found in the posterior and lateral columns which are

to be regarded as systematic degenerations. The cause of these

spinal changes is probably to be sought particularly in toxic influ-

ences which have developed in the body of the patient.

The clinical importance of these combined affections of the tracts

of the spinal cord is not great, since the spinal symptoms, if noticed,

are quite overshadowed by the severer manifestations of the principal

disease. Nevertheless we should make it a rule in severe anaemia

(pernicious anaemia, leukaemia, etc.) to examine into the condition of

the nervous system. If unmistakable spinal symptoms (absence or

exaggeration of the tendon reflexes, paresis of the legs, slight disturb-

ances of sensibility, and the like) are found, we may infer with toler-

able certainty the presence of the above-described anatomical changes

in the spinal cord.

Besides the three groups of combined system diseases of exoge-
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nous origin alreadj^' mentioned, there may perhaps be other forms.

But our knowledge of them is as yet so scanty that no positive state-

ments can be made concerning them.
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PAIN.

The present contribution undertakes an examination of the phe-

nomena of pain chiefly from the point of view of the science of

psychology. The form and content of the presentation of the sub-

ject, liowever, have been determined in part by the circumstance that

those for whom it is intended are members of the medical profession.

Although my consideration of joain must depart somewhat from

the plan that would have been adopted by the clinician, for whom
pain exists chiefly as a symptom of disease, still the problem of the

genesis of pain and of its relation to other mental conditions and to

neural processes is common ground. Clinical evidence cannot be

ignored by the psychologist, nor ought the physician to overlook the

facts and theory of psychology. The attitude of psychology toward

the nature and origin of pain as a mental state must influence,

directly or indirectly, the consideration accorded it as a condition of

the sentient human organism by neurologists, physiologists, and

practitioners of medicine. The notion that pain is a " purely subjec-

tive condition," a "feeling," "a state of mind without any physical

basis in the body," may modify the attitude of a physician even in

treating the simpler ailments of mankind. How much more may we
expect the attitude of the neurological clinician towards pain to modify

his views of the localization and causation of a disorder which may
l)resent pain disturbances as the most important symptoms ! Thus

we find Starr treating an "hysterical pain" by hypnotic suggestion,

and maintaining it to be " subconscious, subjective, mental, without

any physical basis," an opinion which has its roots in "rational

psychology," finds modern representation in Janet's well-considered

theories of psychic automatisms, and runs riot in Myers' notion of

hysteria as a disease of the subconscious self.

Psychology in truth has been far from unequivocal in its con-

sideration of pain. Many instances could be cited where the same

authority has now called it a sensation, while anon classing it, in the

light of theoretical speculation, with the " subjective mental states"

or "feelings." But on the whole, traditional psychology may be

said to regard pain as a feeling—/.e., a purely mental state or condi-

tion, with or, more frequently, without a physical basis in the nervous
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system. That such speculative considerations are likely to modify

the views of physicians is evidenced by the fact that White quotes

Ziehen to the effect that " pain is not a sensation but a feeling-tone"

;

and Dana, to whose point of view I have had occasion to refer in an

earlier article on this same subject, maintains that "psychologists

seem to have come to the conclusion that pain is not a sensation but

a form of feeling, and that in attempting to locate pain tracts we were

pursuing a 'will o' the wisp.' " Another illustration of the influence

of psychological theories is found in the phrenology of Gall and

Spurzheim, whose errors are more directly traceable to a faulty

psychology than to ignorance of anatomy and phj^siology.

The " new phrenology," if we may give that appellation to the mod-

ern theories of the cerebral localization of those functions of the nervous

system that underlie consciousness, is likewise ultimately based upon

current conceptions in psychology. The advance of cortical physiol-

ogy will be furthered by the progress of psj'chological analysis, as the

latter must also change in meeting newer conditions revealed by the

neurohistologist. Whether it be the interpretation and location of

"speech centres" or a "speech zone," or be the differentiation of the

reflex from the conscious activities of the nervous system, conclusions

arrived at by i:)hysiologists will be largely determined by the type of

psychology that lia]Dpens to have impressed itself upon the advocates

of these respective physiological hypotheses. Considering the pres-

ent state of psycholog}^, its greatest service here would seem to be

in supplying physiology with a working hypothesis for the expla-

nation of its own data, carefully refraining from the imposition of

speculative dicta, that may perchance put new difficulties in the way
of an explanation of physiological processes. It is with a desire to

avoid unnecessary and dogmatic statement of psychological opinion,

and at the same time with the hojje that I may succeed in making
clear some essential analytic considerations from the psychologist's

standpoint, that I now proceed to an examination of the mental sig-

nificauce of pain, and of its relation to physical stimuli of the environ-

ment and to physiological processes of the body.

The existence of a mental experience, pain for example, may be

posited in one of two very different ways, according as it is " mj^"

pain or the pain of " some one else." These I shall call the subjective

and the objective methods. If the method be the subjective one, the

investigator has immediate i^ossession of the mental state under ob-

servation. Its existence, therefore, requires for him no further

demonstration. But in studying the mental states of others, the

investigator has to depend upon bodily movements as the expressive

symbols of something unseen, unfelt, unexperienced. The activities
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of the sense organ, sucli as the moving eye or the feeling hand, are

then taken to be facts presumptive of the existence of accompanying

sensations. The look of anguish on the face and the start of the

body in surprise are differential indices of diverse mental conditions.

The subjective method, however, does not leave the investigator alone

with his sensations and feelings, for it carries with it the possibility

of the investigator's observing his own bodily processes as these

change with modifications of his mental content. In consequence,

psychology has always been psychophysiological in rei)orting the

relation between mental states and bodily processes or bodily struc-

tures. Thus the generally accepted definition of the sensation has

been, not a subjective definition, but a psychophysiological one,

namely :
" A sensation is the mental effect or consequent or accom-

paniment of the excitation of a sense organ."

Furthermore, every subjective observer has also called into ex-

planatory relation with the mental states that he is observing in

himself the objects of the physical environment amid which he spon-

taneously guides his observed body and which he finds acting upon
the body to produce those sensations. Thus he has always referred

some of his mental states to the physical environment, giving psy-

chology thereby a psychophysical bias or direction. The most fun-

damental distinctions of traditional psychology are psychophysical

in nature, such for example as the tripartite division of all mental

phenomena into cognition, feeling, and volition. As defined by
traditional psychology, cognition is that state or process of mind in

which the] observer finds himself aware of the existence of external

objects, the elements of cognition being sensations which are evoked

in mind by the peripheral sense organs. Volition, on the other hand,

is that state or process in which he observes himself directing the

movements of his body. Feeling, finally, is conceived as a purely

subjective state, not referable to either sense organs or muscles.

Beneath all the discussion of the nature of pain or the possibility of

the existence of pain nerves there is found in the works of many psy-

chologists an undercurrent of opinion that assumes the pain state to

be a self-existent feeling, that is, a pulely subjective condition hav-

ing no reference to or causation in any body state whatever, central

or peripheral. Modern theories of mental and neural parallelism,

however, have necessarily modified this view of feeling so as to ac-

cord better with the psychophysiological postulate that every mental

state or process has a correlated neural process. The views of Mar-

shall aptly represent the modified traditional attitude of psychology;

the pain state is regarded by this modern successor to Aristotle,

Hamilton, and the English Associationists as the accompaniment of
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modifications in tlie cerebral processes whicli underlie otlier mental

states and whicli are therefore not referable to any specific or par-

ticular peripheral or central excitation.

A few words m.a,j be advantageovisly given to the relative value of

the two methods, the subjective and the objective, as revealed by prac-

tical experience. If the investigator study pain in himself by the

so-called subjective or introspective method, he has given him as

original data the " pain," the object which caused it (a hot stove, for

instance), the hand which had come in contact with it, and the con-

tractions of his own face or the revulsive movements of his own body.

The objective method, on the other hand, forces the investigator

to assume that which is the object of his study, the pain state, from

the contact of some one else's body with the stove, and from the con-

tortions of a face or the revulsive movements of the whole body.

This assumption of a definite mental state is one attended with great

difficult}^, and with danger of error, even in the higher animals and

in children. It is only by a considerable stretch of analogy, which

oftentimes is carried beyond the breaking point, that the existence

of pain states can be inferred in animals whose brains and bodies

differ markedly from ours. It must be added, however, that in the

adult human being we are assisted by the articulate words of the

subject, who may report upon the presence or absence of pain and

give, with more or less exactness, a verbal description of its qualita-

tive and other subjective peculiarities. It is true that spoken words

are psychophysically only the coordinate movements of an articula-

tory mechanism producing an expressive externalization of a mental

state, but our attitude towards the speaking human being places him,

under these conditions, in the position of the subjective psychologist,

in virtue of which we take his reply as a peculiarly singificant evi-

dence of the subject's mental experience. The two methods, there-

fore, in practice approach one another in their results. Nevertheless

it will depend largely upon the natural and untrained powers of

introspection and verbal expression possessed by a given individual,

whether the verbal report of his subjective state or his behavior under

the action of a determinable stimulation furnishes the better evidence

of the actual mental conditions. Physicans do not place much con-

fidence in the patient's statement of the quality or character of a

pain, largely because X)atieuts have not words, nor experience to

prompt the words, in which to describe their pains. Yet old suf-

ferers will often describe their pains with great picturesqueness. In
til is field careful studies have been made by Henschell, W. H.

Thomson, and others. The description of pain by a patient seems

to be directly proportional to (1) liveliness of the imagination (the
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Irish and Jews are said to describe pain most vividly), (2) vocabu-
lary, and (3) experience. The truth of the description, however,
depends upon other factors than these, many of them not directly

ascertainable ; but among them the chief are perhaps acquired skill

in introspection and the absence of a tendency to hallucination and
illusion.

Few attempts have been made up to the present time to study
pain phenomena by the purely objective method. An exceptional

study in this field is the examination and classification of the phe-

nomena of pain with reference to the patient's behavior undertaken
by W. H. Thomson. He describes and classifies the gestures

that are characteristic of the different varieties of pain, noting

their significance for the particular affection that is the causative

agent of the pain. He maintains that gestures often afford truer

indications than does language, because the verbal descriptions ob-

tained may be so extremely indefinite. Some of his descriptions are

so suggestive in pointing out new possibilities for refinement in the

observation of the bodily movements accompanying pain that a short

selection from his article may advantageously be quoted here. For
the purpose of a further classification according to gestures, pains are

divided into the following groups : (1) Pains due to inflammation

;

(2) pains due to pressure
; (3) pains due to stretching

; (4) neuralgic

pains
; (5) subjective pains

; (6) reflex cutaneous pains. Many objec-

tions to this classification will arise in mind—for example, stretching

and pressure pains are identical in physical causation, subjective

pains are questionable in terminology, the classification is not based

upon any one system throughout, etc. But the classification is prob-

ably only intended to be a roughly convenient one, and moreover it

is the description that interests chiefly, as an illustration of a valuable

method that needs further development.

With inflammatorj^ pains we are told the patient " avoids touching

the painful part, or he approaches it in a very respectful way."
" Thus, with an arthritis, his hand passes over the joint in a hovering

fashion. If deeper seated, the gestures are often expressive of

the varying kind and distribution, according to the texture inflamed.

Thus the diffused soreness of a mucous membrane inflammation causes

the gesture of bronchitis to be made, with the whole hand laid on the

sternum, and then passed over and across the chest. A similar

movement of the hand across the abdomen never means a peritonitis,

but a catarrhal intestinal inflammation. With pleurisy, on the other

hand, the tips of the straightened fingers are used to indicate the

stabbing nature of the pain. In peritonitis also the tips of the fingers

are used, but brought down with much more caution than in pleurisy.
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In the localized pain Ox commencing appendicitis, tlie open liand is

used as with an inflamed joint."

To these pains are contrasted those produced by pressure, tumors,

abscesses, etc., or cramps, in which no apprehension is manifested in

touching or in moving the part. The locality first touched is of im-

portance to note, because if the j)atient starts from the same place,

each time his hand moves over the painful area, his movements may
be considered exjjressive of the extension or radiation of the pain

from the original focus. Stretching j)ains contrast with inflamma-

tory pains by the forcible grasp or pressure which the patient makes

on the abdomen, while the characteristic radiation may signify the

causation as due to biliary or renal colic or cramps, etc. Neuralgic

pains are indicated by a frictional movement of the hand, with firm

pressure. The shifting character of the neuralgic pain as shown by

the gestures of the subject enable one to distinguish these from the

more fixed pressure pain of tumors. The darting pains of tabes are

often most graphically described by the gestures. Subjective pains,

as in hysteria, are characterized by their greater number and variety,

and by the inconsistency of the gestures with the often highly

wTought description of them by the patient. The character of

referred pains can always be proved by the fact that the patient has

no objection either to movement or pressure of the part.

Whether our method of approaching the phenomena of pain be the

subjective or the objective, pain may be considered as a state of mind

from one of three points of view : (1) The psychical, which views the

pain as a mental phenomenon in its relations to other mental states

only; (2) the i)sychophysical, which views it in relation to the

external physical causes or stimuli of the pain ; and (3) the psycho-

phj^siological, which is concerned with the pain in relation to the

associated processes of the body. It is often difl&cult to keep these

lines of treatment distinct, but it is necessary for clearness that they

should be held as far apart as possible. I shall now proceed to con-

sider i)ain from each of these three standpoints in succession.

The Psychological Problem.

The psychical, or, as more commonly called, the introspective

line of treatment must comprise (a) an examination of the different

(qualities of pain, (h) a consideration of the relative simplicity or

complexity of the pain as a mental state, and (c) a presentation of

the common characteristics of pain and of certain other mental states

which show resemblances to pain.

Pains have been described as dull, throbbing, sharp, massive,
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grinding, shooting, burning, chilling, boring, griping, shivering,

creepy, itching, and formicating. Potain reports that a physician

in Trajan's time held that there were thirteen different kinds of

pain, while Halmemann, another early i)hysician, distinguished as

many as seventy -five varieties. Most of these supposed varieties of

pain cannot be looked upon as variations in i)aiu quality. They
probably arise from the simultaneous association of the pain with

other mental qualities or elements. Chilly, burning, dull, sharp,

massive, grinding, shooting, boring—these descriptive terms all refer

to other sensations which are associated with the i)rimar3^ pain

sensation. To take another group of composite sensations—those of

taste—we find the sensations of taste proper to be always closely as-

sociated with sensations of smell, touch, heat, cold, and probably

also with muscular sensations, as in bitter tastes. The loss of the

sense of smell often apjjarently- abrogates the sense of taste, because

we can recognize so few substances placed in the mouth by the four

I)ure taste qualities of salt, sour, sweet, and bitter. Tickling, shiver-

ing, creeping, shooting, formicating, intermittent, itching, parox-

ysmal, darting, or lancinating pains are distinguished from one an-

other and have received distinctive appellations, not through inherent

qualitative differences in the pain, but through variations in the dur-

ation of the pain, its mode of arousal by the phj'sical stimulus, or its

distribution throughout the body. Each one of these distinguish-

ably different group pains ought to be made in itself the object of

careful examination by psychologist and physiologist, if we are k)

have what we do not now possess, a satisfactory analysis of these

complex sensations. Although we may not be able to designate the

particular modifications of physical, physiological, and mental proc-

esses that are the basis of these variations in i)ain qualitj^, we are

still able to posit as a fact of introsi)ective analysis that a pain, as

pain, is always the same invariable mental experience no matter how
closely it may be associated with other sensations.

Certain mental conditions are connected with pain in such an

intimate way that they must be given special consideration at this

point. These are: 1. The feeling of the agreeable and disagreeable;

2. The feeling or sensation of intolerableness or unendurableness

;

3. The pains of inhibited motor process ; either in the general sense,

as those due to an insufficiency of bodily exercise, or more specifically,

the pain or distress due to an interruption of some motor paroxysmal

process which is on the point of taking place—for example, an inter-

rupted gape or sneeze, the initial stage of nausea, and probably also

the pain of restrained sexual desire; 4. Vertigo; 5. Pains of over-

exertion or fatigue
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It is maintaiued by some authorities that pain is only an extreme

case of disagreeableness, and pleasure merely the intensest agree-

ableness. Agreeableness or pleasure and disagreeableness or pain, in

this view, are regarded as an "affective tone," a "mental color," an
" attribute" or " quality" of some sensation or other specific mental con-

tent—this " affective tone" having two qualitatively different phases,

the agreeable and the disagreeable, each presented with variations of

intensity, in all degrees from indifference to the extremes of pleasure

or pain. We are asked to think of this affective quality, which accord-

ing to Marshall, the latest exponent of this view, is " a primary quale

affecting all presentation," somewhat after the manner in which we
grasp the notion of intensity as being common to all sensation. To
this subjective modality of sensation psychologists generally give the

name "feeling-tone," for which awkward foreign expression Marshall

suggests as an English equivalent the hyphened compound word

"pleasure-pain." In such authors as Kiilpe, Ziehen, Hofding, Leh-

man, Ward, and Marshall, feeling-tone embraces the agreeable and

disagreeable elements in all sensation, and includes as manifestations

of this single affective variable extremes of both pain and pleasure.

The painful or pleasurable phase of feeling-tone is regarded as

dependent directly upon the intensity of the sensation. If any

given sensation, therefore, could be presented in mind in all pos-

sible intensities, it would be capable of arousing the extremes

of pleasure and pain together with all pleasure and pain inten-

sities between these and indifference. The quale theory presup-

poses that a bitter taste of adequate intensity must give a pleasure

equal in degree to that of the satisfaction of the sexual instinct,

while the odor of violets if sufficiently intense must arouse a pain

as decided as the agony of angina pectoris. This reductio ad ah-

surdum presents a real difficulty of the feeling-tone hypothesis,

which is equalled by two others that amount to a contradiction

of the evidence of introspective analysis. The first of these is

found in the fact that many sensations are not presented in con-

sciousness with either pleasure or pain ; they are simply indifferent,

no matter what their intensity may be. The quale theorist is com-

pelled to produce the phantom of a feeling-tone that excites no con-

sciousness, though still present, in order to explain this difficulty.

Again, this theory maintains that no pain ever comes into conscious-

ness except as a constituent part of some sensation or otller mental

state. In the words of Bradley, " we never have pleasure or pain ; it

is not a pleasure but something x>leasant that is experienced." Ward
complains that " physical pain is wrongly classified among bodily

sensations, because one Avord, pain, is used for certain organic sensa-
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tions and for a purely subjective state." Lehman maintains tliat the
" feeling whether of j)leaaure or of pain never occurs apart from a

sensation however weak. And in every case where such feeling is

su[)i)osed to have been observed, the sensational element has mere-

ly been overlooked." Kiilpe explains this fact in the following

words :
" Since the presence of a strong feeling conceals the quality

of its concomitant sensation, the analysis of a class of sensations"

(peripheral pain and the pleasure of sex) " which hardly ever make
their appearance except under this condition will obviously be

exceedingly difficult." Thus does the quale theory carry with it the

necessity of assuming the existence of some sensation to which pain

may be attached, even in those extreme pains which apparently usurp

consciousness to the exclusion of all other content. This view is

somewhat like regarding the whole man as belonging to the tape-

worm concealed within his vitals or as the property of the shadow
that he casts upon the ground.

A view more in accord with the evidence of introspective analysis

looks upon pain as a simple unanalyzable and undiffereutiable con-

tent of the mind whenever it may be found existing within an indi-

vidual consciousness. Fechner maintains that " pain and pleasure,

when considered apart from all accompanying conditions, are simple,

that is, they are not further analyzable as contents of our mind.

They do not, however, exist so abstractly in reality as they may be

api)rehended by our faculty of abstraction, but rather as coexisting

states or resultants, perhaps functions, of other mental contents, to

which they give and from which they receive character." Wundt,
also, in criticising Lehman's theory, maintains that the "use of the

word pain for a disagreeable feeling of every sort has led to the

notion that i)ain is not a differentiated sense qualit3\" Miinsterberg,

Nichols, James, Strong, and many other psychologists, regard pain as

a simple specific sensation. From this view there is no escape so

long as we use the term sensation with a purely mental reference.

Pain is certainly presented in consciousness with the distinctness,

difference, vividness, and isolation that characterize simple sensations.

If we add to this fact of mental differentiation other criteria, as we
may do inferentially, even by the use of the term sensation (because

this term implies, as I have jjointed out above, that a sensation is

the resultant of the stimulation of a sense organ), then objections may
arise to calling pain a sensation. Such objections, however, will be

based upon considerations that emphasize the psychophysiological

rather than the strictly psychical characteristics of sensation. It is

true that the tendency of psychoi^hysiology to-day, whether rightly

or wrongly I shall not inquire, is to demand for everj' differentiated

Vol. XI.—58
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sensation a specific structure whose function gives rise to the specific

simple mental content. If from the standpoint of introspective

analysis, therefore, pain in common with all sensation is a simple

mental content, we are presumably justified in looking for an anatom-

ical substrate in a peripheral sense organ, a conduction tract in the

perix)heral and central nervous system, and a localized centre in the

cortex of the cerebral hemispheres.

Having thus disposed of i)ain as a distinctive mental quality, we

shall consider its intensity and some further characteristics that it

presents in relation to the agreeable and disagreeable and to the

feeling of intolerableness. Of pain intensity we shall say a word in

a subsequent section on the psychophysical problem. The rela-

tions of the pain state to the agreeable, I can beat discuss by a

continuation of the consideration of the nature of feeling-tone. It

is to be remarked that we may regard pain as a sensation and

yet hold to the quale theory, so far as the feeling-tone of agreeable

and disagreeable in respect of sensation in general is concerned.

This is Wundt's notion, which leads him to treat feeling-tone in its

phases of agreeableness and disagreeableness as the accomi)animent

of all sensation, even of that of i)ain. He would perhaps agree with

James in the latter 's statement: "I think we find here that the dis-

tinction has to be made between the primary consciousness of the

pain's intrinsic quality and the consciousness of the degree of its

intolerability" (Wundt would say disagreeableness) " which is a secon-

dary affair simjjly connected with reflex organic irradiation." Miin-

sterberg maintains that the pleasure of the sexual function ( Wollust)

and pain {Schnerz) are not the extremes of agreeableness and dis-

agreeableness (Lust and Unlust), but are sensation contents which

regularly arouse strong agreeable and disagreeable feelings; he

further believes that "even if the exi:)lanation of pain and related

sensations as due to peculiar trophic nerve processes or to specific

nerves of feeling is correct, still nothing is advanced thereby towards

an explanation of the feelings of agreeableness and disagreeableness.

"

Thus these authorities appear to agree in maintaining that the dis-

agreeableness of pain is not to be explained by reference to the pain

content as such, but to associated bodily conditions or sensations

which, in the terminology of Wundt, receives the name of " feeling-

tone."

This leads me on to an examination of the nature of feeling-

tone. Wundt offers no satisfactory explanation of its nature, ac-

cepting it as an ultimate mental fact to be corollated with varying

intensities of the sensation. James suggests that intolerability may
be connected with reflex organic irradiation. Thus the violent re-
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traction of the head from ammonia compels us to speak of the odor

of ammonia as intolerable or uni)leasant, but this is a psychological

misapplication of terms. The ammonia may be unpleasant as well as

odorous, but the sensation of the odor in itself is neither pleasing

nor disi^leasing. The substance ammonia acts reflexly upon our

nervous organization to produce movements of retraction, and these

movements themselves give rise to the feeling-tone of disagreeable-

ness. Onions may give rise to vs^hat we should call a disagreeable

odor and may a,t the same time act upon the tear ducts to cause a

secretion of tears, but strictly we are no more justified in calling the

odor disagreeable than we should be in calling it tearful. It happens

that the onion produces tears and disagreeableness at the same time

that it produces the specific odor sensation. An insect on the skin

is a very harmless thing in itself, but it requires all our endurance

to watch the harmless fly or spider walk about over the surface of the

skin, because this stimulus awakens powerful reflexes to remove the

stimulating agent. Because of these reflexes, we approj^riately re-

gard the insect as intolerable, but wrongly believe that the sensation

of touch from the insect is also intolerable, forgetting that the one

object, the insect, is both intolerable and touching. A drop of acid

arouses as inoffensive a sensation of touch as does a drop of water;

but the acid does more to us than does the water ; it burns the skin,

provoking sensations of burning and of pain and arousing violent reflex

movements of retraction. Agreeableness and disagreeableness, which

seem to merge into pain, can therefore be explained by reference to

bodily conditions which the stimulus provokes in addition to the phys-

iological j)rocesses that evoke the specific sensation. Thus a stim-

ulus acts also uidou the internal organs of the trunk, for instance on

the stomach and on the involuntary musculature of the intestines ; it

acts on the vasomotor system producing constriction ; and finally it

may act upon the peripheral muscles through the excitation of

reflex centres in cord and brain.

The sensory ground work for feeling-tone may be found in any one

or all of these reflex bodily excitations. It may be i)laced in the or-

gans of the trunk (James) , which seems to explain best the disagreea-

bleness that comes from concomitant feelings of suffocation, fear,

etc. ; or in the vascular system (Lange), which may explain chill}^

and creepy and possibly formicating and other pains ; or in the reflex

contractions of the striped muscles of the periphery and trunk. It

is also a possible hypothesis that the disagreeableness of a sensation

may be due to the voluntary or involuntary inhibition of a reflex

movement strongly excited. The disagreeableness of the walking in-

sect, for example, may be referred to the fact that our bodies cannot
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move quickly enougli to satisfy tlie demand of the stimulus for motor

tracts to tlie muscles ijroductive of retraction. On this basis, dis-

agreeableness would be an unsatisfied muscular craving or desire,

to be placed with the malaise or discomfort due to want of ex-

ercise, unsatisfied sexual desire, an inhibited sneeze or gape, and so

on. Miinsterberg's theory, on the other hand, relates the agreeable

and the disagreeable feeling-tone to definite antagonistic motor proc-

esses. The results of certain experiments furnish evidence (not

highly satisfactory, however) that all pleasurable states of conscious-

ness are accompanied by bodily movements of extension and all pain-

ful states by bodily movements of flexion. These movements may
be very slight and need not be referred to the extremities only. Miin-

sterberg's conclusion is that the feeling of agreeableness is the mental

accompaniment of reflexly produced movements of extension, and

the feeling of disagreeableness of reflexly produced movements of flex-

ion. A stimulus, such as a very hot object, through the medium of an

afferent nerve impulse, excites certain areas of the central nervous

system concomitant with which is a sensation of heat; the central ex-

citation either in the cortex or in centres lower down reflexly produces

innervation of the musculature involved in flexion, which in turn serves

as a stimulus for a secondary afferent impulse, producing a cortical

excitation whose mental accompaniment is the feeling of disagreeable-

ness. Analogously, the mental resultant of reflexly excited movements

of extension is the feeling of agreeableness. This theory is main-

tained to be in harmony with the i)h3'siological observation that even

when the original motor impulse jjasses from the nerve centre, there

can be produced either perix)heral flexion or extension, according to

the intensitj^ duration, and extent of the central excitation. As the

central motor impulse is normally the effect of centrifugal stimulation,

it appears fair to assume that the primary sense impulse will, in ac-

cordance with its intensity, extensity, and duration, excite in the

central substance the motor impulse towards either flexion or ex-

tension. In other words, the stimulus, which with moderate strength

and short duration reflexly excites extension, will with greater inten-

sity or longer duration produce flexion.

Although Miinsterberg's theory does no great violence to the

evidences of biology, physiology, and psychology, we cannot regard

this interesting piece of s])eculation as final. These various hy-

potheses of the psychophysiological processes of feeliug-tone, how-

ever, are undoubtedly makiug the nature of pleasure and pain more
intelligil)le. Contradictory as they ap])ear to be on the surface, all

of them are in direct extension of the i)ostulate of modern psychology,

that every modification of consciousness may be viewed as the con-
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comitant of some physiological i)rocess which is either of x^eripheral

or of central origin, whether this be directly, associately, or reflexly

stimulated.

The Psychophysical Problem.

I shall now proceed to consider the relation of pain to the physical

stimulus—that is, the extracorporeal stimulus of origin. Much has

been made of the fact that pain has no specific stimulus with which

it can be corollated, as have sensations of color and of sound. In the

latter group of sensations—that of sound sensations produced by

atmospheric vibrations—we find the clearest cases for the relating of

sensational quality and intensity with specific differences in the

physical stimulus. A sound varies in pitch as the number of vibra-

tions of the stimulus increases or decreases. It varies in intensity

as the stimulus of sound is removed from the ear, thereby diminish-

ing the amplitude of vibration of the layer of air next to the tympanic

membrane of the ear. It is commonly maintained that every sensa-

tion has intensity and quality, both of which are referable to differ-

ences in the stimulus. The quality of a color sensation has been

assumed to be due to the number of vibrations of ether, but modern
psj'chology has rejected the notion that color sensations have in-

tensity, despite the jjopular use of that term in describing visual sen-

sations. I cannot enter into a discussion of the reasons for this;

suffice it to say that iisychology to-day looks upon all color sensa-

tions as differing from one another in quality only; the physical

stimulus may differ in intensity, but intensity differences in the

stimulus provoke qualitative differences in sensation. For further

proof of this the reader must be referred to the works of Ktilpe or

Wundt. Every sensation therefore is not necessarily a composite of

quality and intensity.

Another illustration to show that quality and intensity of the stimu-

lus are not always correlated respectively with quality or intensity of

sensation may be given from the group of dermal sensations. A
minimal pressure stimulus of 1 or 2 gm. will give a sensation of touch

;

greater intensity of the same stimulus ranging from 20 gm. to 15

kgm. will give a sensation of pressure; 5 kgm. to 15 kgm. will give

both pressure and x^ain, while maximal stimuli above 15 kgm. give

rise to pain only. This at least is the evidence obtained from tests

conducted by me on a large number of persons. There are, therefore,

three differentiated qualities, touch, pressure, and pain, each with an

intensity range of its own, and each referable not to qualitative but to

intensive differences in the physical stimulus. It is a confusion in

thought, due to the fact that the same pressure stimulus acts upon us
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to produce all three qualities, which makes us think that a common
qualitj^ in sensation must also be i)resent, and that a sensation of

pressure is only an intense sensation of touch or that a pain from a

pressure stimulus is a painfully intense pressure sensation. The

same confusion leads to a view that regards a drop of acid on the skin

as the cause of a painful or burning touch sensation, whereas the

touch sensation as such is indifferent. It is the acid, the physical

stimulus, that is touching and burning and painful. Intense pres-

sure stimuli provoke pain sensations; so do intense heat and cold

stimuli ; so also does the stimulus of tickling, which is an intermittent

touch stimulus of small intensity. Apparently all stimuli that can

act upon the body at all are capable of giving pain—mechanical, chemi-

cal, thermal, and electrical stimuli. Pain, therefore, has no specific

stimulus unless we regard the upper range of intensity of general stim-

uli as the specific stimulus of pain. But in any event, the fact that

pain has no specific stimulus does not militate against its being a sen-

sation. Other sensory qualities have been cited which are referable

to intensity changes in the stimulus. The effects of intense stimuli

in producing pain are better referable by way of explanation to the or-

ganism, especially to simultaneous action upon other nerve tracts,

than to the specific nerve tract in question.

Similarlj^ the effect of a temperature stimulus depends upon the

temperature of the body—the ]3hysiological zero point. The same

temperature stimulus may produce either a sensation of heat or of

cold, depending ux)on the condition of the part acted upon. Never-

theless, we regard heat and cold as specific sensations despite their

very shifting character relatively to the physiological zero point of

the body. Although we may grant that pain can be aroused by a

visual or an auditory stimulus, it seems to me questionable whether

the irritation of either the optic or auditory nerve is itself capable

of arousing pain ; certainly the pains that are most frequently asso-

ciated with the exercise of the functions of vision and audition are not

due to optic or acoustic irritation but to the concomitant irritation of

branches of the fifth nerve. Consequently, if a sound stimulus pro-

duces pain, it seems to me more likely that this is due to the action

of the sound wave upon the tymjjauic membrane or upon other

strictly dermal tissues or connected nerve fibres, than to the excita-

tion of the specific nerve of hearing; similarly, a light wave is

painful because of its action upon the conjunctiva. Certainly re-

tinitis may run its course without pain, whereas all inflammatorj'^

processes of tlie conjunctiva and of the lid produce intense i)lioto-

phobia. The auditophobia and photo])hol)ia of meningitis also are

scarcely ascribable to the nerves of audition and vision.
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Many pains, such as those of fatigue, are not referable to extra-

corporeal stimuli at all, but to the muscles. The stimulus here is

probably a chemical one, the resultant of processes of dissociation in

muscular tissue, this product acting as an irritant poison on the sen-

sory nerve. The pains of muscular origin due to overuse have had
an important influence upon theories of pain. Pains due to irritation

of the viscera are probably also evoked by chemical stimuli, as in the

I^ains of hunger and thirst, although some of them may be due to the

involuntary contraction of the unstriped muscles of the intestines and
perhaps also of the vascular system. But whether the stimulus be

internal or external, it is not painful when at the physiological zero

point, but becomes jjainful when excessive or when causing excessive

functioning of a bodily organ.

It may be of interest to point out in this connection, two different

lines of speculation of some importance to psychology, that have

taken their origin from a formulation of the psychophysical setting

of pain as regards its physical stimulus. The first of these is what
may be called the economic or biologic theory, based upon consider-

ations of the protective value of pain or of its contrasting pleasure to

the human organism, particularly as these are found to be stimuli to

diverse actions, pain warning against dangerous stimulation and caus-

ing the organism to avoid such stimuli, pleasure impelling to the

search for serviceable stimuli. Economics as a science bases itself

upon the conscious choice of pleasure. As stated by Patten, the

"theory of utility is merely a conscious reckoning of our pleasures

and pains. Passions and strong feelings are best controlled by
analysis of our pleasures and pains into their parts so that we
can determine the degree of each feeling and give to it a proper

weight."

Psychologists have not been wanting who in the same way have

considered pain and pleasure as the primarj^ phenomena of con-

sciousness or the primary determinants of the will. Spencer has

made pain-avoiding and pleasure-getting, in relation to the dangers

and useful objects of the environment respectively, a biological prin-

ciple in psychology and sociology. Brentano calls pain and pleasure

one with the fact of the will, while Meynert maintains that "the

simplest theory will always be that in the most complicated, enig-

matic, and incomprehensible actions of man, the guiding motive is

the avoidance of the greater pain." Important as jjain is in deter-

mining action, the facts seem to justify James' opinion that other con-

ditions than pain cause bodily movements both in the region of con-

scious choice and in that of instinctive or reflex action, and many have

pointed out that the reaction of the organism with pleasure and pain
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is not always associated witli the clanger or usefulness of the stimulus

to the organism.

Another line of speculation has taken the partial view of pain as

this is found related to intense stimuli in connection with the over-

exertion of muscles, and has developed theories which have been pre-

sented in various forms from the time of Aristotle to that of Marshall.

Marshall has given the latest formulation of this theory, maintaining

that the activity of the bodily organ of any sensation content " if

efficient is pleasurable, if inefficient, painful." In other words, pain

is exj)erienced whenever the physiological reaction which determines

a specific sensation is so related to the supply of nutriment of the

functioning bodily structures that the energy involved in the reaction

to the stimulus is less in amount than the energy of the stimulus.

Neither this theory of Marshall, nor similar theories that have pre-

ceded it, throw much light on the problem of pain, nor can anj-

refinement of speculation concerning energy conditions in the brain

be expected to assist the explanation of the cortical substrate of pain,

so long as these theories base themselves solely or primarily upon an

observation of the excessive exercise of muscles and sense organs.

Although pain is dependent upon intense stimuli which are generally

dangerous to the well-being of the organism and which generally pro-

voke excessive bodily reactions, these relations are far from invari-

able and do not furnish a satisfactory basis for theories of the nature

and origin of pain. Such theories are strictly of psychophysical

origin, and, in deducing physiological hypotheses from observations

of the psychophysiology of gross bodily organs, they ignore impor-

tant psychophysiological conditions that have been brought to light

by the newer investigations of histology and neuropathology.

The Psychophysiological Problem.

Attention has already been given to the fact that traditional psy-

chology looks upon differences in sensation as referable to different

sense organs. The so-called " five senses" is a traditional classifica-

tion of the perii^heral agents of perception, that had some significance

when physiology concerned itself chiefly with the processes of macro-

scopic organs. It has little value at the i^resent time, except that of

convenience in referring to the different groups of sensory structures.

The theory of specific sense energies took its origin in part from

this reference of a difference in sensation to a difference in sense or-

gan, but in part also it is derivative from the investigations and theo-

ries of Mtiller, Purkinje, Goethe, and others as to the nature of phan-

tasies, illusions, and hallucinations. In these early formulations of
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the theory of specific energy, originated the tendency of to-day in

psychology to refer memory, imagination, and ideation to the same
brain organ that mediates sensation and i)ercei)tion. Helmholz is

said to have followed a suggestion of Natanson in formulating the

dictum of the theory of specific energy that no organ can exercise two

or more functions difl^erent in kind. There must be a single response

with a specific sensation to every sort of stimulation of the organ.

This theory is rightly or wrongly accepted at the x)resent da}' as a

working hypothesis in the psychophysiology of sensation, and has

inaugurated a search for physiologically and anatomically differen-

tiated sense organs, i3erii)heral nerves, nerve tracts and centres of the

cerebral cortex, as the basis of specific differences in sensation. The
theory of the specific energy of the total sense organ first found ex-

pr iSsion in a dogma that later investigation proved to be untenable.

This was the theory that every nerve fibre was capable of one form

of nerve excitation and no other. The search for peripheral pain

nerves, however, still continues, although this earlier interpretation

of the specific energy of nerve fibre has been abandoned.

The study of cortical physiology is turning attention from the

peripheral to the central termination of the sensory tract. It may
be said that the accejoted belief is that every distinguishably dif-

ferent sensation has a locally differentiated cortical cell or group

of cells as its anatomical basis, and that such central neural sub-

strate can function with its specific sensation and no other. Wundt
is one of the few psychophysiologists who maintain that specific

sense energy may be a differential function of one and the same per-

ipheral, if not central, organ. These are two contrasting points of

view, and I shall now proceed to inquire to what extent specific dif-

ferentiation in both structure and function, or differentiation in func-

tion alone, can be correlated with pain sensation. For this purpose

I shall present the various parts of the discussion in the following

order: (1) the peripheral sense organ; (2) the peripheral nerve or

peripheral sensory neuron; (3) the conducting neurons of the spinal

cord; (4) the conducting neurons of the brain; (5) the cortical

neurons.

The Peripheral Sense Organ or Specialized Nerve Ending.

Goldscheider was among the first to call attention to the inter-

rupted distribution of heat, cold, pressure, and i^ain spots over the

surface of the body. Corroborated by later investigations, his results

demonstrate that there are functionally specific sensory spots on the

skin which are sensitive to pain stimuli, that is, respond to stimula-

tion with a pain psychosis, and thereby differentiate themselves from
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other parts of the skin. This fact would seem to compel an assump-

tion of the existence of a specialized sensory cell or of a specialized

nerve terminal for pain.

Later results, also, including those of Goldscheider, von Frey,

Nagel, Dessoir, Singer, and others, despite what is oftentimes con-

flicting testimony, demonstrate with sufficient clearness and satis-

factoriness the specific pain function of localized areas or " spots" of

the skin. It has not, however, been possible to prove satisfactorily

that the pain spot reacts with j^ain only to all forms of stimulation

;

but, in Wundt's opinion, this is equally true for cold, heat, and

pressure spots. Despite the specific xjhj^siological character of the

pain spots, the modifications in pain production due to stimulation

are such that it cannot as yet be maintained that this functional

differentiation is dependent upon a difference in structure.

There is no anatomical or j)athological evidence of a direct sort

demonstrating a terminal organ of pain, although evidence, coming

from many sources, is abounding to show a marked functional dif-

ferentiation in peripheral sensibility to pain over different areas of

the skin under normal conditions and over the same areas under

pathological conditions. For example, ice in the hand will produce

cold and pain, while in the stomach it excites pain only. Local or

peripheral anaesthetics will cause a loss of pain without the absence

of other dermal sensations. Touch heat, cold, pressure, pain, and

the deeper sensations composed of muscle, joint, and tendon sensa-

tions may, in lesions of central origin, as will be shown later, be lost

independently over large areas of the body or over circumscribed re-

gions. Within the region of anaesthesia, the loss of these different

sense qualities is variable. Pain characteristically is most easily

lost. Heat and cold follow next, while touch is seldom lost and the

kinsesthetic sensations almost never. Nearly every possible combina-

tion of sensation losses has been reported in cases of spinal lesion.

These facts taken together clearly demonstrate that the terminals of

some or all dermal nerves function sx:)ecifically with pain x^roduction

and furnish almost sufficient evidence to warrant an assumption of

tJie existence of a peripheral end organ of pain. Whether such as-

sumi)tion is justified or not remains a matter of opinion; in any

event, the case for a specific end organ of pain is as well made out as

for that of the other dermal sensations.

The Peripheral Nerve Fibre or Peripheral Seiisory Neuron.

There is much evidence pointing to a specific pain function of one

or all of the peri])heral sensory neurons. Although the experiments

of Goldscheider, Blix, and Notlmagel may not be able to show more
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than three different perii)heral paths even at the nerve roots, and thus

there is little or no anatomical evidence pointing unequivocally to

the existence of four different ]:)eripheral nerves nor even of three;

still, pathological results are clear in demonstrating the same func-

tional modification that the results of exi)erimeutation on localized

pain spots, referred to in the previous section, have advanced.

It is remarkable with what exactness disturbances in i)ain sense

can be localized on the periphery. The most careful examination

that has yet been given of restricted or elective sensory paralysis in

localized areas is that of Llewelles F. Barker, the results of whose

examination of an anaesthetic area of his own arm are conclusive.

His case is described as a circumscribed unilateral and elective sensory

13aralysis. For nine or ten years, the investigator had had along the

inner middle side of the left arm radiating ijains which were prone

to appear on standing for a long time or after a long walk, especially

when overtired or a little run down in health. Sensations of numb-
ness and formication had been noticeable and were referred to the

same area and also to the little finger and ulnar side of the forefinger.

The pains could be stopped by lying down. There had been no other

symptoms to modify this clinical picture. The last cervical vertebra

exhibited in front, where it could be seen, a process firmly attached to

it, which is described as a "cervical rib." Along the affected area

were found certain areas of anaesthesia and analgesia, whose limits

could be determined with tolerable accuracy by quick methods.

This was done for cold, heat, pressure, and pain. The different

sense points and their threshold stimuli were then carefully deter-

mined by exact methods of localization and measurement. The arm
was divided into a number of sections according to the course of the

visible cutaneous veins and also with regard to certain irregularities.

Gelatin paper was laid on the arm and a copy made in j^osition.

For each quality of sensation a special plaster cast was made, upon

which were traced the sensitive spots exactly as found upon the arm.

The disturbance was found to be limited to the region of the nervi

cutanei brachii et antebrachii mediales of the left arm. Within this

area warmth, cold, pressure, touch, and tickle sensation were absent.

Pain was present on superficial examination, but, with accurate test-

ing, some diminution in the number of pain points could be demon-

strated.

On the flexor surface, passing from the radial to the idnar half,

the sense points for warmth, cold, and pressure, which on the radial

side were present in normal numbers, suddenly ceased when advanc-

ing beyond the anaesthetic border. In passing over the ulnar margin

of the forearm to the extensor siu'face, single sense points here and
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there again appeared, increasing gradually in numbers towards tlie

radial margin, but not being i)resent in normal numbers until tlie

margin was nearly readied.

The limits described showed variations in detail for different sense

qualities. They followed the same rule as on the normal skin, pressure

being greatest in number, cold and warmth following in diminishing

number. Single sense points or groups of points of one kind were

to be found located in jplaces where none of the other sense qualities

was represented.

Sense points of the partially anaesthetic area, whether these were

isolated or mixed with others, as well as points on the border of

the normal and anaesthetic skin reacted to normal threshold stimuli.

This could be positively stated for the pressure and pain points

from numerous determinations of threshold stimuli. The individual

cold points and warm points showed considerable differences in excita-

bility, but these differences did not aiDpear to be more than in normal

areas. Thus the sensation of i>ain was called forth on very many
spots, but the pain points did not lie so close together as in normal

areas. There were painless si)ots of more than several square milli-

metres in area.

The disturbance of x)ain sense in general was so little marked that

it might have been thought to be only anaesthesia to other sensations.

For example, in some areas careful testing showed that pricks with a

fine needle gave only pain without calling forth previous touch or pres-

sure sensations. Thus, also, ice gave no sensation at all at first, then

pain. A stimulus of 47° C. (116.6° F.) and upwards very quickly

caused pain but no sensation of warmth ; heat pain existed, therefore,

without heat sensation. On some points this could be attained with a

stimulus of 46° 0. (114.8° F.) but hardly ever under 50° C. (122° F.).

The stimulation according to the author was apparently due to pain

organs; threshold pain with mechanical stimulus tested by von Frey's

test hairs varied within the same limits as in normal areas. A cervical

rib, the author maintains, has recently been shown to give rise, through

pressure on the brachial plexus, to disturbances of sensibility and

motilit}^ which disappeared on resection. At the site of the disturb-

ance the sensory paths must, in his opinion, all be arranged with re-

gard to the i)erii>heral distribution if one is to explain the fact that

the two above-mentioned cutaneous nerves alone had been injured.

As physiological experimentation shows that nerve fibres for flexion

and extension of one porticm of a limb are not evenly distributed within

a nerve trunk but are arranged according to functions, the same arrange-

ment may also hold for the sensory nerves with regard to the different

I^aths which they are to follow within the spinal cord. In the present
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case the majority of pain nerves were retained while others in great

number had disappeared, for some areas of the skin even completely.

Cases of sensory election with such definite sensation losses as

those recorded above are rare in affections of perij^heral nerves, be-

cause these generally cause total and not partial sensorj^ disorders.

A sufficient number of cases exist, i)articularly of leprous neuritis,

to show that the loss of i^ain is not uncommon in peripheral lesion.

Biernacki, moreover, has called attention to the fact that pressure on

the nervus ulnaris will cause a partial or total anaesthesia for pain

and temj)erature with little diminution in sensitivity to pressure and
with entire f)reservation of sensations of simple contact and with in-

tact motor sensations and normal localization. Algesia, however,

does remain in these cases as faradic stimulation will excite pain;

this Laehr believes may be due to the conduction of the faradic cur-

rent to i^ain nerves outside of the affected region which afterwards

refer into the region of stimulation through the intact localization

sense. It is also possible that compression may produce a func-

tional depression of the pain nerves of such character that they are

capable of being excited by a single form of stimulation and not by
others, or else that the pain function is a physiological function of

the other nerves. Pick, also, reports a case of traumatic lesion due to

lying on the right shoulder, which i^resented a complete loss of tem-

perature sensations in the forearm and hand, with pain and contact

X)reserved. Cavazzani rei)orts another exhibiting unequal loss of tem-

l)erature and pressure, due to a wound, and which was cured on heal-

ing of the wound. J. B. Charcot reports a case presenting an acute

swelling of the right hand with a dead feeling of the last two fingers

followed by total analgesia and thermansesthesia with some muscular

atrophy. After surgical treatment, consisting of the removal of a

cicatrix from the region of the palmar portion of the ulnar nerve,

there was a comx)lete return of sensation—first cold, then pain, then

warmth, with a slow recovery from the muscular atrophy.

Laehr has collected a number of cases of lepra nervosa, exhibiting

dissociated or elective sensory paralyses. Among these cases, Pitres

reports one showing analgesic and thermansesthetic spots existing

conjointly over large areas, while Rosenbach, Sabrazes, Schlesiuger,

Jacoby, Marestant, Prus, and others report that analgesic spots maj^

also exist alone or in combination with similar an^esthesise of greater

extension. The last two also report conjoined tactile disturbances,

and Thibierge-Bruhl reports a total analgesia and therm-aucesthesia

of the extremities, from the elbow and knee dowuAvards.

These cases present the most direct proof of the functional loss

of pain sensibility by one or more of the peripheral nerves. We may
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therefore conclude that affections of the peripheral sensory neuron

may cause the single loss of pain, which must be ascribed either to

the cessation of the function of a specific pain nerve or to the loss of

the pain function of one or all of the dermal nerves. While this cre-

ates a strong j)resumption in favor of the existence of a pain nerve,

the proof of its existence cannot be regarded as conclusive without

more direct anatomical demonstration, inasmuch as the action of pres-

sure, as in Barker's case, and of neuritis, may possibly be to stop the

pain-conducting function of all the peripheral nerves, leaving their

other functions intact. This is a plausible hypothesis, at least, be-

cause the maximal nature of the pain stimulus permits the inference

that the selective action of pressure on a nerve is to limit its range of

response to the stimulus, without causing it to cease its functions

entirely. For the practical purposes of diagnosis and study in cases

presenting elective analgesia and hypalgesia, it seems to me justified

by convenience and sufficiently in accord with the facts to speak of

the functional disturbance as due to the disorder of a pain nerve,

leaving it for future anatomical demonstration to ascertain whether

the peripheral neuron, in this case the pain nerve, has but one or a

number of sensorj^ functions.

The Conduction Neuron or lirict of the Sjnnal Cord.

The evidence that I shall now present bearing on the existence of

specific tracts or neurons in the spinal cord for the conduction of pain

stimuli will be divided according to the methods of investigation into

three sections. In the first, I shall speak of the experimental evi-

dence for specialized pain tracts, in the second of the pathological

evidence, and in the third of the evidence obtained from the phe-

nomena of referred pains.

It is a well-known fact that even under normal conditions there is

a delay in the arousal of pain when pain and other sensations are

caused by one and the same stimulus. The cutting knife gives rise

to a series of sensations of which touch is the first to arise in con-

sciousness and pain probably last. Burkhart has called attention to

this delay in the conduction of pain stimuli under normal conditions

;

Ostliof long ago showed that in tabes dorsalis there was slowness

of conduction for all sensory stimuli and that pain was more delayed

than touch. Abnormal retardation in pain conduction, which can

be referred to disorders of the spinal cord, seems to prove that the

pain i)roducing nerve stimulus differs from the other stimuli, either

owing to its l)eing conducted along different tracts or else to its meet-

ing with conditions of increased resistance in the same tracts. Schiff

was one of the first to maintain that the selective action of ana3sthetics
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upon imiu required cue to believe tlint there are different paths of

conduction in the spinal cord for touch and pain, and the results of

his experimentation went to prove that the former are in the white sub-

stance and the latter in the gray. Brown-Sequard, and Gad and Hey-
mann, maintain that the gray matter in the cord alone is responsible

for pain conduction. On the other hand, the importance of the lateral

tract for i)ain has been emi:)hasized by Ludwig, Woroschiloff, Gowers,

and Sherrington, and these all unite in denying the decussation of the

pain tract. Leyden and Goldscheider maintained that while anatomy
and i^atho-anatomical facts show that localized j^ressure sensations

are conducted through the posterior column of the same side, pain

and temperature are conducted through the gray substance and its

commissural fibres, perhaj^s also through the column cells, but that

pain conduction is at all events double-sided. Bottarzi from experi-

ments on the dog was led to believe that a lesion of one side of the

cord produces lesion of motility and temj^erature, while a lesion of both

sides produces hypalgesia. Turner's experiments upon apes seemed

to show that all sensory tracts of the lower extremity crossed soon

after entrance, whereas this is only the case for pain and temperature

in the upper extremity ; but Mott believes, also from experiments

upon apes, that pressure and muscle sense cross while pain and heat

are on both sides. Bechterew has shown on the dog that section of

both lateral tracts and posterior halves of the cord produces anal-

gesia only when the section is a little anterior to the pyramidal tract,

and Holzinger corroborates him in this, maintaining further that the

pain fibres are to be found in the middle third of the lateral column

just anterior to the pyramidal tract.

Amid this conflicting evidence, the clear fact stands out of the

recognition of a specialized conduction tract. The evidence seems to

be in favor of locating this tract in the gray matter; i^ain and tem-

perature seem to be associated locally in the cord, and the regions most

favored by a majority of the authorities are the gray tracts and the

lateral tracts. The evidence of decussation is quite conflicting.

Laehr's conclusion, which will be considered later, harmonizes these

conflicting opinions, in setting forth that the pain tract is first of the

same side and subsequently crosses through the gray commissure to

the opposite side, where it courses for a short distance in the gray

column, finally entering the lateral column close to and somewhat

anterior to the crossed pyramidal tract. Wundt is in accord with Schiff

in accepting a specialized conduction tract. He believes, however,

that this does not necessarily prove the existence of specialized pain

nerves, but that the stimulus is conducted by all nerves to the spinal

cord. Under normal conditions a stimulus, if of moderate intensity,
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will pass up the white tracts without affecting the gray tracts, but if of

greater intensity it flows over into the gray tract, giving rise to a

stimulus that ultimately provokes a pain sensation. The gray sub-

stance therefore conducts peripheral stimuli of maximal intensity

onl3% while the white substance transmits those of all intensities.

This theor}^ makes the pain sensation an associated sensation, due to

the reference of part of the stimulus into the specialized tract in the

gray substance.

Syringomj-elia and other diseases of the spinal cord have made
the phenomena of selective angesthesia familiar. Ross, Starr, Sher-

rington, and Thorburn were among the first to call attention to the

fact that ansesthesise of spinal origin were very different from those

of peripheral origin, in that the latter were usually total or general

over the area of distribution, whereas the former would show the

dropping out of one or more qualities of sensation only. It will be

unnecessary^ for me to present in any detail the familiar symptoms of

syringomyelia. In a recent contribution on the disturbances in

pain and temperature sensations, Laehr has taken occasion to make
a resume of cases of spinal lesions with loss of pain and temperature

sensation, and has given them a critical examination in conjunction

with an exposition of eleven new cases of his own, seven of which were

cases of syringomyelia, two presented the Brown-Sequard complex,

being one-sided lesions of the upper cervical cord and bulb, one was

a double-sided affection of the dorsal cord, and the last a case of

hsematomyelia of the conus meduUaris. The analysis of his own
cases and a thoroughgoing examination of the entire literature

seems to justify the conclusion that the extension of partial disturb-

ances of sensation on the skin in syringomyelia and other disorders

situated centrally in the spinal cord is characteristic of segmental

disturbances; in this respect, these lesions present analogies with

the cases of referred pains to be considered in the next following i^ara-

graphs. In the region of the trigeminus, also, the extension of the

partial sensory disturbance corresponding to the central focus of the

lesion seems to differentiate itself according to the territory of dis-

tril)ution of the nerve trunk and its three branches. The disturbance,

in so far as it involves ijain and temperature, is to be referred to the

posterior gray substance at a definite level, although the segmental

reference is not the same for partial as for total disturbance. Laehr
further concludes that the tracts for pain and temperature enter the

l)osterior horn on the same side, decussate later in their course to

the other side, and subsecjuently unite into compact fibre bundles,

])roeeediug centrad possibly in the lateral column. Their destruction

in the gray substance generally causes a selective, most fre(iuently
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same-sided sensation disturbance ; their destruction in the white sub-

stance gives rise to an antesthesia for the entire lower opposite part

of the body.

Despite conflicting evidence as to the relative frequency of sensa-

tion loss due to spinal-cord diseases, the cases are clearly enough in-

dicative of the ease with which pain and temperature may go, while

there is a relatively greater retention of pressure, touch, and motion
sense.

The localization of the lesion is fraught with considerable diffi-

culty, and there are many conflicting cases, but the analjsis of Laehr
seems to harmonize most of these. Charcot and Gombault report a

case of luetic disease of the cord with analgesia of the entire left side

showing an injury of the gray matter of the pain fibres after crossing.

Kiar reports an analgesia due to lesion of the cross-fibres in the gray

matter. Gowers has recorded a case in which a unilateral hemor-
rhage into the lateral column and gray substance of the upper cervi-

cal cord produced analgesia and thermansesthesia. In this case there

was a complete loss of pain on the opposite side without disturbance

of touch. Similar cases are reported by Vucetis, Beevor, William-

son, Eulenburg, and Determan. Schlesinger compares the sensibility

disturbances in syringomyelia with the Brown-Sequard symptom com-
plex, and arrives at a localization of pain and temperature tracts in

the cord which Laehr's hypothesis fairly well covers.

Keferred pains are familiar to many. Most of us have either

suffered ourselves or had friends who have suffered from the " ice-

cream nerve" at least, that severe pain between the eyes after eating

of cold substances. This is a referred pain, having its seat of origin

in the stomach, but given a false reference perhaps through the local

association of the afferent nerves from the stomach with sensory

nerves in the upper cord distributing to the face. Munro reports a

case of pain in the front of the chest that could be induced b^- friction

in the forearm. Mitchell reports another in which rubbing or pinch-

ing a mole on the leg gave rise to a sharp i)ain in the chin. Stroking

the back of the neck in some persons causes a pain and shivering

down the spine, and I have known apparently normal subjects who
obtained definitely localized pains through scratching or pinching

remotely situated areas. A case in point that has just come to my
notice presents a man, twenty-eight years of age, who has had
no severe illness, no headaches, no neuralgias or rheumatism, no
tendency to hallucination or to hysterical manifestations, who can,

by pinching the back of the neck on the right side, and the lateral

portion of the neck up to the right ear, produce a pain that is local-

ized in the dorsal regions of the back on the left side, although he
Vol. XI. -59
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says that sometimes it appears on the right side also. The pain is

often also referred into the arms. Scratching the area on the neck

also produces gooseflesh above and to the right of the right eye.

Irritation of the collar, particularly if he has a pimple on the neck,

Avill give rise to this referred pain. Sometimes the sensation is not

noticeably painful, it is merely one of itching. This pain cannot

always be provoked in this way, and he thinks that it cannot be so

easily aroused at the jjresent time as it was five j^ears ago when it

first came to his notice. A pimple elsewhere on the body will also

at times produce pains referred to other regions, but they are never

referred into the legs, nor will a stimulus applied to the legs give rise

to referred pains auj^where in the body.

A large number of cases are on record of referred pains due to

pathological conditions. Mitchell reports one of a shell wound of

the right leg which at once gave rise to a burning i)ain in both feet

and in the right arm and right pectoral regions. Another shell

wound of the outer side of the left thigh produced an immediate

reference of pain to the same area on both legs so that the man
thought he was shot through both thighs. This is a cross sym-
metric reference somewhat similar to the cases that have been re-

ported under the name of allocheiria. Case IV. of Hutchinson's

series is cited by Mitchell as being an injury to the median and ulnar

nerves giving rise to pain in the opposite hand. Pirogoff has a re-

port of the same sort of cross reference from a wound. Another

case of Mitchell's somewhat approaches those of reference in visceral

disease, in that a testicle wound aroused a pain which was alone re-

ferred to the back. Hilton was the first to call attention to these

pains ; latterly they have been carefully studied by a number of in-

vestigators.

A most instructive form of reference is that condition to which
Obersteiner has given the name allocheiria. The phenomenon pre-

sents a pain or other sensation which is referred to a symmetric

I)art of the body. This was first observed by Obersteiner affecting

the hands, in consequence of which he applied to it the name of

allocheiria; but it has also been found in the legs. Obersteiner's

original contribution reported four cases of his own and five col-

lected from other sources, one being hysterical and the others oc-

curring in the course of tabes dorsalis. Gowers mentions a patient,

the subject of ta1)es, who referred a touch to corresponding points

on Ijoth sides of the body at the same time. Gay reports a recent

case of i)artial sensory paralysis due to diphtheria in which slight

touches were not felt at all, Ijut firmer ones were referred to exactly

symmetric parts of the opposite side. There was no hesitation
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in localizing; painful sensations were not tested, but the kina3S-

tlietic sensations of all four extremities were entirely gone, so that

the limbs could be put into all sorts of grotescjue attitudes without

the patient being aware of anything but the warmth of the hands.

All cases of allocheiria, according to Gay, are accompanied by con-

siderable ataxia and profound disturbance of common sensations.

These symptoms, in his opinion, are probably due to an affection of

the posteromedian columns with the posterior root zone, and include

the sensory decussating fibres. But the latter appear to be still intact

as in no case was the sense reported entirely lost. Gay believes that

we should explain such cases by supposing that the common sensory

stimuli find their usual channel closed against them, and if of greater

than normal intensity, are conducted ujjwards by the non-decussating

fibres, referring in consequence to the opposite side of the body,

Dumonti^elier is reported to have found that by etherizing one arm
in a particular position he was able to open painlessly an abscess

situated in the corresponding area of the opposite side. Psycholog-

ical experimentation also has shown that when practice in a given

part of the body causes an increase in the sensory discrimination of

that region, the symmetric region on the other side of the body also

shows some improvement, Cattell showed that a stimulus applied to

a symmetric portion of the body with reference to the reacting mem-
ber gives a shorter reaction time than when it is applied elsewhere.

These cases alone prove that pain behaves as do other sensations

when crossed reference is observed. That symmetric parts of the

body are thus shown to be more closely connected with one another

than with other portions of the body, and that the lesion generally

affects coordination and muscle sense to a considerable extent, sug-

gest that the basis for this reference of pain, and perhaps for all

reference, is an associated involvement of the posterior columns, which
mediate sensations of touch and movement.

More than ten years ago, Dana made a careful study of referred

pain of the cephalic extremity, and recently Head has published a

series of articles whose scientific value cannot as yet be estimated,

but whose principal conclusions have such important bearing on the

nature of pain production and pain reference that they deserve special

consideration. The early parts of Head's contribution were concerned

with the disturbances of sensation, particularly of pain in visceral

disease, and were based upon the belief that some coordination could

be found between the distribution of such referred pains and that of

herpes zoster. Visceral disease is marked either by a pain or by a

tendency to pain, that is, hyperalgesia or tenderness, which may be

either local—that is, situated near the organ of excitation—or referred
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to regions only remotely connected with sucli organ. Head believes

that he is able to mark out fifteen well-defined areas, and that a

study of the cases of herpes zoster shows that the manifestations of

these conditions appear upon exactly the same areas as those which

are tender in visceral disease. So far as the visceral diseases alone

are concerned, these areas might correspond to any level of the

spinal cord or indeed of the entire central nervous system, or they

might represent the supply of the posterior roots or peripheral nerves.

It is Head's opinion that these areas rej^resent the nerve supply for

heat, cold, pain, and troi:>hiG distribution of a given spinal segment

at some particular level only. The viscera receive their sensory fibres

from the same segment of the spinal cord from which the fibres of the

somatic sensory areas arise, to which the pain is referred. Certain

organs have a tendency to refer into the supply of certain nerve plex-

uses ; thus the lungs, heart, liver, intestines, and stomach tend to refer

into that of the cervical plexus and cranial nerves. There are two

grouj^s of segments in the si>inal cord which, however, are in no con-

nection with the sensory fibres from the viscera. These are the fifth,

sixth, seventh, and eighth cervical segments forming one group, and

the second, third, and fourth lumbar constituting the other.

Several forms of the progressive sjjreading of pain through contin-

uation of visceral irritation are manifested. After pain has remained

localized in any given region the condition of the central nervous sys-

tem becomes profoundly altered and a tendency manifests itself for

both pain and tenderness to spread, in some cases even to the opposite

side of the same spinal level. A somewhat different form of gener-

alization or spreading is the diffusion or spreading that is seen in

toothache. A tooth alone may be first affected, bat the i)ain becomes

graduall}' accentuated by neuralgia as the toothache continues, that

is, the pain is referred to the face. This is accompanied by distinct

cutaneous tenderness on the face corresponding to the tooth affected.

If the patient be amcmic or the pain remains untreated bodily health

becomes affected, the pain and tenderness si)read until the whole of

one-half of the head and even the neck has profound tenderness over

areas which bear no relation to the affected organs. The sx)reading

from one organ to an organ associated in function, or rather to that

of an area corresponding to such organ, gives a third form of general-

ization ; thus the uterus and mammae are functionally closely related,

and pain and tenderness may spread from the area of the former to

that of the latter. The order in whicli generalization takes place also

indicates a condition of the cord tliat maybe spoken of as the relative

specific resistance of the centres for the sensory impulses from vari-

ous organs. There is a tendency, for example, to refer pain into an
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organ of diniinislied resistance; thus during menstruation, a liyper-

metroi^e will suffer from agonizing headache which may spread to

the neck. Any cause, even a mental one, tending to reduce the resist-

ance of the central nervous system will thus promote generalization.

It is Head's opinion that the localization of sensation is not a
psychical but a physical association. The final result of any given

stimulus, say it be one acting upon the foot, appears in consciousness

as the centre of a conscious field which extends over a more or less

wide area ; that is to say, it is not only the point to which the stimu-

lus is applied which comes into consciousness but the whole foot or

the whole leg. If the power of perceiving pain is diminished on the

foot it is referred higher up or possibly to the corresponding point

on the opposite foot. The same rule applies to each form of sensa-

tion. If the sensation of touch is affected, pain and heat and cold

being normal, touch only will be referred, while heat, cold, and pain

are rightly localized. Head obtained records in which only one form
of the four sensations was wrongly localized, while the others were
localized over the actual point of stimulation. In all such cases of

wrong localization the i:)articular sensation which is wrongly localized

must be diminished and must not be absolutely lost over the aff'ected

area. If it is lost the sensation is simply not perceived. To con-

tinue nearly in Head's words :
" Whenever an area representing one

or more spinal segments on one side of the body is partially anaes-

thetic while the sensation of the areas rei:)resenting the same segment
on the other side is normal, a stimulus to the skin over the affected

areas is referred to the corresponding point on the normal side. If,

however, the segments on both sides are affected the stimulus is re-

ferred to the area corresponding to the area next above or next below
the affected segments in their origin from the cord. The internal

organs are structures of low sensibility to touch location owing to

their inaccessibility. It is therefore not to be wondered at if the

maximum of pain is not felt in the organ affected. A painful stimu-

lus from an internal organ is conducted to that segment of the cord at

which its sensory nerve enters. Here it comes into close connection

with the fibres for painful sensation from the surface of the body,

also arising from the same segment. As the sensory and localizing

power of the surface of the body is enormously in excess of that of

the surface of the viscera, an error of judgment occurs, the diffusion

area being accepted by consciousness, and the pain referred to the

surface of the body instead of to the organ actuallj' affected. Thus
both allocheiria and visceral reference depend for their appearance on

the law that where a painful stimulus is applied to a part of low sensi-

bility in close central connection with the part of much greater sensi-
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bility, the pain produced is felt in the part of higher sensibility

rather than in that of lower sensibility to which the stimulus is actu-

all}^ applied."

Visceral pain always produces exaggeration of the sense of pain

and sometimes exaggeration of the sense of heat and cold in the skin,

but never, in Head's experience, hypersesthesia proper. As in

syringomyelia, pain, heat, and cold are profoundly disturbed, with

the development of cutaneous trophic lesions, while the tactile sense

is unaffected.

Thus the central connections of the pain fibres from the skin and

viscera are closely connected with one another, while the central con-

nections of the nerves for heat and cold, and for trophic disturbance

in the skin must also be in somewhat close asssociation, though

probably not actuall}' connected. On the other hand, the nerves for

touch from the skin are widely separated centrally from those of

pain. As to their intraspinal paths Head does not speak.

Mackenzie substantiates Head's results in the main, though dif-

fering from him in many important details. The former contributes

other evidence bearing on these segmental relationships, such as the

reflex alleviation of pain in the central organs by counter-irritation of

the periphery. His studj' of the pilomotor, or goose-skin reflex, raises

some doubt as to the deflniteness of the separation of the different

jjeripheral areas as outlined by Head. The pilomotor nerves over a

limited area, like the nerves of special sense, may be rendered abnor-

mally sensitive in diseases of the internal organs. A studj^ of the

spread of such excitation from any given centre in a cord seems to

indicate that the normal -psdh is longitudinal rather than transverse

in direction, following the disposition of the peripheral nerve in the

longitudinal or vertical direction on the dorsal, lateral, and ventral

surfaces of the body. It is of some interest to the psychologist at

least that the sensation of gooseflesh may be produced without any

of its characteristic ai)pearances, and may indeed be produced in

regions where there are no pilomotor nerve eudings. In an excellent

case the subject was able to mark out the loerijjheral distribution of

the nerve from the feeling that he had when the skin over the ribs

was touched. Thorljurn also su])ports Head's main contention, and

White, in a study of the exact sensory effects produced by lesion of

the si^inal cord, re])orts a case of cutaneous analgesia without anres-

thesia due to com])]'esHion of the cord at the ])oint of origin of the

eighth dorsal nerve in which the areas affected corresponded closely

to those of Head.

The examination of the literature that has here been made seems

to justify certain conclusions in regard to pain conduction in the
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si)inal cord. The evidence seems to point to certain tracts in tlie

cord possessing specific i)ain function. The gray matter of the cord
is a specialized tract for the conduction of i)ain stimuli for a short

distance above the segment of the cord which contains the nerves of

the peripheral distribution. This tract, whatever its exact course

may be, can be considered a spinal i)ain organ. The tracts possibly

decussate, cross to the oi^posite gray matter, and finally ])ass on into

the lateral column just anterior to the crossed pyramidal tract. Tho
peripheral nerves stimulate this central pain tract or organ under
certain conditions that depend upon the intensitj^, the duration,

mode of a])plication, and iutermittency of all perix>heral stimuli. In

common with the nerves from the perii^hery, the viscera also refer

excessive stimulation into this pain organ of the spinal cord. Local-

ity is an ascription that is given to the pain or other sensation, not

something residing in the sensation per se. The "local color" or
" local sign" of pain is dependent upon the jjresence of other sensa-

tions, most likely those of movement Avhich are so closely associated

with specific touch. These two pass up together in the posterior

column, while pain and temjierature together course for a while at

least in the gray column; thus there is less likelihood to be disturb-

ances of touch or common sensation than of pain and temperature.

The giving of locality to a pain depends upon the associated activity

of the tracts for touch or movement, both of which at each spinal

segment seem to be conjoined with the i)ain and temperature tract.

The reference of a given pain into a joeripheral part of the body,

whether that pain be due to a stimulus from without the body or from
within, is evidence not only of the excitation of pain tracts from that

region but of the excitation of some other nerves than pain that give

locality to pain stimuli coming from the region of their application.

In peripheral reference, therefore, I believe that the pain tract must
be assumed to be excited in visceral disease, part of the stimulus re-

ferring into the pain tract, occasionally also into the temperature

tract, but the other tracts may also be acted upon by the stimulus, and
these contribute to the localization of the pain quality. These tracts

must be supposed to be conjoined at each segment where they enter

the cord, but afterwards to separate. In each segment, therefore, we
have a pain tract callable of receiving stimuli from the afi'erent fibres

of the area of segmental distribution as well as from the internal

organs, trophic nerves, and so on. The facts displayed above show
that it is relatively easy for nerves to refer into: (1) A symmetric

area; (2) functionally associated organs; (3) the segmental area;

(4) longitudinally related areas. Subsecjuent investigation must re-

veal the anatomical association of the neurons of the si)inal cord,



936 WITHER—PAIN.

whicli subserves the varied phenomena of pain reference, and also fur-

nishes the basis for a distinction between the parts played by cortical

and by spinal association in the localization of pain and other forms

of sensation.

The Path for the Conduction of Pain Stimuli in the Brain.

The character of the phenomena produced by irritative lesions of

the brain stem is of interest to the diagnostician, no less than to the

psychophysiologist. In the crura cerebri we are above the regions

of segmental association and reference. If i^ain can be evoked by

stimulation of the "carrefour sensitif," the evidence would seem to

be clear for the existence of a cortical i^ain centre, and the areas of

reference of such pain ought to supply valuable data for the study of

the location of this area and of associated areas in one or both hemi-

spheres. The examination of cases cannot be said to give any clew

as to the location of a sensory centre of pain. They are too few in

number, and they demand a more careful examination than has 3^et

been accorded them. They demonstrate, however, that central pains

may be produced by irritation or compression of the conduction tract

of the thalamus, and that such pains may be peripherally referred.

Such pain may exist alone as a spontaneous pain or, as some
would perhaps call it, an hallucination of pain. It may coexist with

hypersesthesia or hypsesthesia, or hyperalgesia only may exist.

MObius denies the possibility of producing pain through an affec-

tion of the central conduction tract. Despite this opinion, however, a

number of cases have been brought forward by Edinger, Biernacki,

and others, showing the i:)ossibility of the arousal of pain through the

agency of irritative lesions of the thalamus. Edinger' s case was the

first clearly to demonstrate the possibility of such central pain pro-

duction. The first symptom manifested in this case was a boring,

tearing pain, accompanied by motor weakness occurring the first day

after the attack. The motor weakness improved, but the pain re-

mained, leading to suicide two years after the initial lesion and after a

number of attempts. The lesion in this case lay close to the posterior

third of the i)osterior segment of the internal capsule. The part of the

inner cai)sule which must contain the central feeling tract remained

intact, viz. : the middle and posterior third of the thalamus. The
feeling tract, therefore, lay close to the field of degeneration, but was
not itself directly injured. The direct contact of the sensory tract

with the diseased tissue furnishes the anatomical possibility for the

})roduction of the hyj)era3sthesia and the pain in the cross ])arts of the

body. Biernacki reports a case that is the alter ego of Edinger's.

A woman of fifty-four presented a symptom complex of headache,
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vertigo, cougliing, with severe pain for a number of years in the right

side of the body, and for jfivo years weakness of the right sidecoujiled

with involuntary movements of the right hand and sometimes of the

right leg. On movement of the parts, x)ain could be produced
throughout the arm and leg, but when at rest the pain was chiefly in

the elbow and knee. The touch sense Avas intact, altliough there was
slight hypsesthesia. The localization ability and the temperature

and muscle senses were intact excepting a slight numbness to cold.

There was a high degree of hyj)eralgesia to i)ressure, i)ercussion, and
all passive movements. A vertical section through the left imlvinar

of the tlialamus showed, on the border of the middle and i)osterior

third, a round pea-sized cyst filled with fluid interwoven with connec-

tive tissue, and in the immediate neighborhood of the inner capsule,

which contains the sensory tracts that constitute the so-called " carre-

four sensitif
,

" and which, according to Tiirck, Charcot and his school,

is devoted in its most posterior part to touch and the muscle sense.

To this situation of the lesion is to be ascribed the induction of the

pain by irritation of the cerebral conduction tracts, inasmuch as

hysteria and other possible explanations were excluded.

Greif reports a thalamus lesion in a woman of seventy-four with a

symptom complex consisting of choreiform movements in the left side,

especially in the left arm, together with hypersesthesia and tearing

pains in the same arm and to a less degree in the left leg. The chorea

disai^peared in fourteen days, but the pain remained until death.

The pains in this case were referred to the opposite side of the body,

as a lesion was found in the left thalamus in the neighborhood of the

corpus subthalamicum just over the crura cerebri, which was looked

upon as the cause of the excitation symptoms. Lauenstein reports a

case of injury in the right thalamus with hemichorea of cerebral

origin and severe pain in the moved limb. Apparently there was no

autopsy. Gowers and Nothnagel make mention of hypersesthesia

and spontaneous peripheral pain associated together. Mann reports a

case of softening of the oblongata in which for six years after the onset

of symptoms the patient had headache and burning pains in the left

half of the body and right half of the face ; there was paresis in the

region of the bulbar nerves with general hypsesthesia in the hyperal-

gesic region, but in this case the central pains were the most emphatic

symptom; these remained for five and one-half years. Cold was

called cool and hot was called warm, but passive and active touch

were intact. The lesion was close to the conduction tract, but there

was no complete break in the tract, although there was a separa-

tion of some fibres. Leyden's case of acute bulbar paralysis pre-

sented painful formication of the upper extremit}^, while Marot's case
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of a solitary tubercle in the right half of the pons presented strong

neuralgic pains in the left extremities with complete anaesthesia

of the skin, the so-called nsesthesia dolorosa. Duchek's tumor

of the pons produced pulling pains, formication, going to sleep of

parts, but in this case the pain soon ceased and hypersesthesia of

the face followed. Nothnagel cites observations of Guinon, Marti-

not, and Eichhorst of tumors and softening in the pons, causing

from the first day a passing hypereesthesia of the opposite halves of

the body.

The symptoms here produced by central irritation are somewhat

analogous to those which Herzen and Goldscheide?.' have observed

in compression of the nerve trunk, and which in one or two cases

have been found in compression of the spinal cord. The pain

may exist as spontaneous pain alone; it may exist with hypges-

thesia and even hypalgesia of the part, or with hyperassthesia, or

the pain may exist as a hyperalgesia which requires some stimulus

to evoke it. Parsesthesise also accompany affections of the sensory

tract; in such cases cold and heat are first affected, touch and mus-

cle sense but rarely, while formication, jerking, and going to sleep

are often mentioned as present. •

Coi'tical Pain.

Both Edinger and Biernacki suggest that, in some central affec-

tions due to irritation, spontaneous pain may exist as the only symp-

tom, and that such pain may sometimes be of cortical origin. They

regard the painful aura in epilepsy as furnishing some evidence of

cortical jjains, as do also the parsesthesise of cold and other abnormal

sensations that must be ascribed to cortical regions. Edinger be-

lieves that future investigation must show how far the severe pains of

hyx)Ocliondriacs and the pains of hysterics are of central origin.

Claiborne presents a case of subjective pain, while Starr reports one

of "subconscious pain," which he successfully treated by hypnotism.

This case was in a girl of nineteen, whose only symptoms were bilat-

eral pains of the arms, which, though not at all sharp or shooting,

were severe enough to make her uneasy and incapable of steady occu-

I)ation. They were worse when she woke up in the morning, and

frecjuently were severe enough to awake her from sleep. Excei)t

some auffimia, she had no other symptoms. The pain is described

by Starr as " hysterical, subjective, mental, delusional, and not to be

ascribed, therefore, as due to any physical external cause." From
a ])Hyclio])liysiological standpoint, serious objection may be made to

this descriptif)n of the ])ain and to the conclusion that it is not to be

ascribed as due to any ])hysical cause. The pain certainly existed as
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an actuality in this girl's mind, and it must have had some cause,

irritative or otherwise, in some i)art of the central nervous system.

It is in harmony with the views of the best authorities to consider

this as a pain of cortical origin. Kichet suggests that absence of

pain also is a symi)tom of central lesion, and maintains that there is

a good deal of evidence in favor of a localized sense organ in the

brain. Mitchell reports that some women remain for years without

the perii^heral i)aiu sense, although the general health is unimpaired,

while the internal organs still feel pain and all forms of skin sense

are as keen as ever. A somewhat similar case is that of a " profes-

sional painless man," who was for some time under my observation,

and who showed himself callable of making himself insensible to

pain whenever he wished to do so. He had worked for some time in

a dime museum as the human pin cushion, and could be cut with a

knife or stuck with pins or needles without showing the slightest sign

of pain. I have known him to hold a red-hot half dollar in his hand

without wincing until it had burnt itself deej) into the flesh. It is

impossible to say positively whether this subject inhibited the ex-

pressive movements of pain, that is, the external signs of pain, or

whether he inhibited the pain itself. If his own statements can be

trusted, he felt pain on ordinary occasions when he had not made up

his mind to be insensible to pain, but he reports that, when he had

once decided not to feel the pain of the stimulus, the pain was no

longer felt. It was not stoically endured. Moreover, there were

areas of the skin which he could not render insensible to pain in this

way. I am therefore inclined to believe that he inhibited the sensa-

tion of pain and not its external manifestations.

This case and many cases of hysterical pain present phenomena

analogous to those of the behavior of subjects in a hyi^notic state as

respects pain. It has been my experience that the pain sense is most

easily affected in light hypnosis, whether in the direction of hyp-

algesia or in that of hyperalgesia. Certainly with average normal sub-

jects, motor phenomena and pain disorders are much more readily

Ijroduced by hypnotic suggestion than are disorders of the other

senses. The behavior of the pain sense in the hypnotic state and in

hysteria is one of considerable importance for the localization of a

cortical pain centre, inasmuch as these phenomena must in great

part be ascribed to disturbances of the cortex of the cerebral hemi-

sphere.

Despite this evidence of the existence or absence of pain due to

cortical conditions, no anatomical or physiological evidence of a

sufficiently satisfactory character is forthcoming to assign a locality

to the pain centre in the cerebral hemisphere. As has already been
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insisted upon, however, this does not militate against the theory

that maintains pain to be a sensation; nor, in fact, does it make the

assumption of the existence of a pain centre any more remote than is

the localization of centres for other sensations. It is only in the

roughest way that cortical physiologists are able to locate visual,

auditory, somfesthetic, taste, and olfactory areas. We know absolutely

nothing as yet of the different localities in which are to be found

those cells whose functioning conditions the consciousness of the

various qualities of sound, color, taste, smell, heat, cold, and touch.

It is my opinion that we are just as much justified in a tentative

assumption of the existence of a pain centre, as in that of a centre for

any other specific quality of sensation.

In conclusion, the various points of the foregoing argument may
be summarized as follows

:

1. Pain is a simple unanalyzable mental content.

2. It should therefore be called a sensation.

3. There is no conclusive anatomical evidence for the existence of

a peripheral sense organ or nervous end organ for pain.

4. There is no conclusive evidence for the existence of peripheral

pain nerves or i^eripheral sensory neurons.

5. Much evidence justifies the conclusion that all or some periph-

eral nerves may under adequate stimulation act with specific pain-

producing function ; that such nerves may lose this function without

a loss of other functions or may lose their other specialized sensory

functions without losing the pain function. Local peripheral anal-

gesia and analgesia due to compression or disease of the peripheral

sensory neuron make the assumption of i^eripheral pain nerves and

sense organs one that stands closely related to the facts.

(). There is a specialized pain tract in the spinal cord which is

certainly constituted in part by the gray column, and which may be

composed of a part of the gray column on both sides, including the

commissure and a part of the lateral tract. Into this pain tract, nerves

from the sympathetic system and from the internal organs, iogether

with all specialized nerves from the periphery, discharge their stimu-

lation when this is relatively intense. The intensity necessary to

l)ring aljout this discharge may be that which is sufiicient to over-

come the resistance offered by the tract.

7. This tract passes up through the optic thalamus and ])osterior

limb of tlio internal capsule, the " carrefour sensitif
,

" into the cere-

brum, and reaches some region unknown, but probably a part of the

sorasesthetic area. This liyx)othetical region of the somfesthetic area

may be looked ui)on as the i)ain centre.

8. There is some warrant of justification for considering the pain
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tract in the spiual cord as the spinal nerve organ of i)ain, which,
together with the hypothetical specialized cortical centre, constitutes

the specific organ of pain.

9. Any part of this central pain organ may be stimulated in the

cortex or below it, either by stimuli discharging into it through nor-

mal physiological processes, by spiual or cortical association, by ir-

ritation due to disease, and perhaps by a vascular disturbance within

the central nervous system.

Thus i)ain may be a sensation of purely central nervous origin.

The arousal of pain by stimuli and its presentation in consciousness

along with other sensations may be exi:)lained by the simultaneous

association of pain with other forms of stimulation—an association

that may take place at any level of the nervous system. "When such

association takes place in the cortex we have conscious association,

the connection of pain with other sensations, with percepts, or with

ideas. Many persons associate colors with sounds. This phenom-
enon, known as colored audition or pseudochrom?estliesia, and which
has received careful study since its first investigation by Galton, is

explained as a cortical association. In a like manner the association

of pain with other sensations may be exi^lained as due to cortical or

spinal association.

In one important respect the association of pain with other sensa-

tions (viz., those due to intense stimuli) differs markedly from the

association of colors with sounds. The former is normal and con-

stant in the human organism, while the latter, although it has

been found to occur Avith suri)rising frecpience, is yet of abnormal and
inconstant character. It is only in cases of referred pains due to

irritation of the central organ itself that abnormal pain associations

are found, presenting a complete analogy with the phenomena of

colored audition. The universality of pain association with sensa-

tions of maximal intensity is explainable anatomically and physiolog-

ically by the discharge of intense stimuli carried bj'^ all peripheral

nerves into the central pain organ; that this central pain organ has

no peripheral nerves of its own, possessing a specific pain function

and no other, can receive satisfactory explanation only from biologi-

cal considerations of the significance of pain as a warning against

dangerous stimuli of the environment. This fact would suggest an

early phylogenetic development of a pain sense in the organism; in

fact, the pain sense may have been the first of all the special senses.

The sensory neuron, in the course of phylogeny, seems to grow in-

wards to the central nervous system, and it maj^ not be advancing

too far along the road of hypothetical speculation to suppose that,

while at one time the pain organ may have been part centrally and



942 WITMER—PAIN.

part peripherally located, it is now entirely central, though still

maintaining its position of primary importance to the organism

through its connection with all of the periphery by means of the

peripheral nerves, which indeed perform other specific sensory func-

tions, but which discharge their maximal stimuli into it.
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Abducens nerve, diseases of the, 150

Abscess of the spinal cord, 774
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Anterior crural nerve, diseases of the, 301

thoracic nerves, diseases of the, 285

Apoplexy, spinal, 659

course, 664

definition, 659
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history, 660
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treatment, 668

Aran-Duchenne type of paralysis, 402

Arborizations of the nerve cells, 5

Argyll-Robertson pupil in tabes dorsalis,
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by, 393, 440

Arthritis deformans of the spine, 618

Arthrodesis in the treatment of infantile

spinal paralysis, 710

Arthrodynia a potu, of James Jackson,

375

Arthropathies in syringomyelia, 784

in tabes dorsalis, 846

Asphyxia, local, 502

Ataxia, acute central, of Leyden, 755

distinguished with difficulty from

intention tremor, 759
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hereditary, 887
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bibliography, 902

course, 893

diagnosis, 896
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pathological anatomy, 894

prognosis, 893

speech disturbances in, 890
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treatment, 897

unusual forms of, 892

in multiple neuritis, 406

locomotor, see Tabes dorsalis

plastic, 889

tabetic, 830

Atrophy, hemifacial, 479

bibliography, 515
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Atrophy, hemifacial, diagnosis, 486

diagnosis of, from scleroderma,

486, 537
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morbid anatomy, 484
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treatment, 488
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bibliography. 516

diagnosis, 492

etiology, 488

morbid anatomy, 489
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muscular, in tabes dorsalis, 850

progressive spinal muscular, 796

semilateral, of the face, 483

Auditory nerve, diseases of the, 199

Axis-cylinder, 4

sheaths of, 9

structure of the, 10

Bedsores in myelitis, 744

in nerve lesions, 99

Bell, internal respiratory nerve of, dis-

eases of the, 253

Bell's palsy, 189

Beriberi, multiple neuritis in, 391, 436

Bladder, disturbances of the, in mye-
litis, 743
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the, 99

Bone, affections of, in tabes dorsalis, 846
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Brachial plexus, anatomy of the, 256

diseases of the, 257
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126
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stimuli in the, 936

tumors of the, optic neuritis in, 122

Brown-Sequard's paralysis, 582

Bruns, L., on Diseases of the Spinal

Cord, 563

Carbonic oxide, multiple neuritis in

poisoning by, 397

Caries, spinal, 594. See Spine, caries of

the

Cathode, 24

Cauda equina, diseases of the, 363

diagnosis, 372

symptoms, 366

treatment, 373

tumors of the, 638

Causalgia, 83

Cephalalgia, 165

Cerebral symptoms of tabes dorsalis, 841

Cervical nerves, diseases of the, 254

plexus, diseases of the, 251

Charcot's disease, see AmyoiropJiic lateral

sclerosis and Arthropathies in tabes dor-

salis

Choked disc, 119

Cholera, multiple neuritis in, 391

Chorda tympani nerve, 188

Circulation, disorders of the, in nerve
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Circumflex nerve, diseases of the, 263

Clavus, 166

Claw -hand in ulnar-nerve paralysis, 279

Clitoris crises in tabes dorsalis, 846
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Club-foot in infantile spinal paralysis,
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Coccygeal nerves, diseases of the, 361
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in infantile spinal paralysis, 696

in multiple neuritis, 408

Cord, spinal, see Sjyinal cord

Cramp, 57

gestures expressive of, 910

in multiple neuritis, 404

in myelitis, 740

Cranium, diseases of the, optic neuritis

in, 132

hyperostosis of the, 497

Crises, clitoris, in tabes dorsalis, 846

gastric, in tabes dorsalis, 843

intestinal, in tabes dorsalis, 844

laryngeal, in tabes dorsalis, 839

pharyngeal, in tabes dorsalis, 840

renal, in tabes dorsalis, 845
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Crises, vesical, in tabes dorsalis, 845

visceral in tabes dorsalis, 843

Crural nerve, anterior, diseases of the,

301

Cutaneous nerve, external, diseases of

the, 299

internal, diseases of the,' 288

Dactylolysis spontanea, 513

Dead fingers, 502

toes, 502

Deafness from disease of the eighth

nerve, 200

Decubitus, acute, 99

in myelitis, 744

Deformities in infantile spinal paralysis,

696

Degeneration of muscles, 72

of nerves, 42

reactions of, 74

Dendrites, 5

Dengue, multiple neuritis in, 390

Dercum, F. X., on Trophoneuroses, 519

Dermatoneuroses, 80

Descendens noni nerve, 242

Diabetes mellitus, headache in, 166

multiple neuritis in, 394, 436

retinal hemorrhages in, 133

Diaphragm, paralysis of the, 253

Digiti mortui, 502

Diphtheria, multiple neuritis after, 383,

429

Dorsal nerves, diseases of the, 288

Duration tetany in multiple neuritis, 415

Dynamometers, 62

Dyspnoea from paralysis of the phrenic

nerve, 253

in affections of the recurrent laryn-

geal nerve, 226

Eczema, trophoneurotic, 88

Eighth nerve, diseases of the, 199

Electrotonus in multiple neuritis, 412

of a nerve, 21

Eleventh nerve, diseases of the, 233

Encephalomyelitis, disseminated, 720

diagnosis, 765

etiology, 727

history, 725

pathological anatomy, 737

prognosis of, 768

Encephalomyelitis, disseminated symp-

toms, 755

treatment of, 773

Epilepsy, headache in, 166

spinal, 574

Erythema, trophoneurotic, 83

Erythromelalgia, diagnosis of, from

Raynaud's disease, 507

External cutaneous nerve, diseases of

the, 299

Eye, changes in, in multiple neuritis, 424

combined palsies of the muscles of

the, 154

strain, headache from, 167

symptoms of tabes dorsalis in the,

822, 834

Pace, hemiatrophy of the, 479

hemihypertrophy of the, 493

semilateral atrophy of the, 483

Facial nerve, diseases of the, 187

paralysis, 189

Faradism, response of nerves to, 22

Fat, painful deposits of, 554

Feeling-tone, 912

nature of, 914

sensory groundwork for, 915

Fibrillation, 58

Fifth nerve, diseases of the, 157

Fingers, dead, 502

Foot, club-, in infantile spinal paraly-

sis, 697

perforating ulcer of the, 97, 509

in tabes dorsalis, 849

tabetic. 848

Fourth nerve, diseases of the, 149

Fractures, spontaneous, in tabes dor-

salis, 848

Friedreich's disease, 887

Galvanism, response of muscular tissue

to, 27

response of nerves to, 22

Gangrene, symmetrical, of the extremi-

ties, 502

Gas poisoning, disseminated encephalo-

myelitis following, 757

Genitocrural nerve, diseases of the, 300

Gestures indicative of pain, 909

Girdle symptoms in peripheral nerve

lesions, 290

in tabes dorsalis, 828
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Glands, terminations of nerves in, 14

Gliosis of the spinal cord resulting in

syringomyelia, 779

Glossopharyngeal nerve, diseases of the,

210

Glossy skin, 83

Gluteal nerve, superior, diseases of the,

327

Gout, headache in, 165

Great sciatic nerve, diseases of the, 330

H^MATOMYELIA, 659

diagnosis of, from syringomyelia,

788

Haematorrhachis, diagnosis of, from
haematomyelia, 666

Hair, trophoneurotic changes in the, 89

Headache, 165

causes of, 165

in acromegaly, 548

Hearing, loss of, through diseases of the

eighth nerve, 200

Heart, diseases of the, in tabes dorsalis,

852

tobacco, 229

Hemifacial atrophy, 479

hypertrophy, 493

Hemilingual atrophy, 488

Hemorrhage, spinal, 659

Hereditary ataxia, 887

spastic spinal paralysis, 897

bibliography, 902

Herpes, trophoneurotic, 85

zoster ophthalmicus, 160

Hyperalgesia, 67

Hyperidrosis in sympathetic nerve dis-

ease, 457

Hyperostosis of the cranium, 497

Hypertrophy, hemifacial, 493

bibliography, 516

diagnosis, 495

etiology, 493

pathogenesis, 493

prognosis, 495

symptoms, 494

treatment, 496

localized, 496

of one-half of the body, 496

Hypoglossal nerve, diseases of the, 240

Hysteria, diagnosis of, from polyneuri-

tis, 444

Hysteria, headache in, 166

Iliohypogastkic nerve, diseases of the,

• 299

Ilioinguinal nerve, diseases of the, 299

Impotence in tabes dorsalis, 846

IncoSrdination, 59

Infantile cerebral paralysis, diagnosis of,

from infantile spinal paralysis, 702

spinal paralysis, 682

Influenza, multiple neuritis in, 392, 440

Insanity in tabes dorsalis, 842

Insular sclerosis, optic-nerve atrophy in,

139

optic neuritis in, 128

Intention tremor distinguished with dif-

ficulty from ataxia, 759

Intercostal nerves, diseases of the, 288

Internal cutaneous nerve, diseases of the,

288

popliteal nerve, diseases of the, 360

Interosseous nerve, posterior, diseases of

the, 270

Iridoplegia, 147

reflex, in tabes dorsalis, 822

Joints, trophoneurotic lesions in the, 91

Kidneys, Bright's disease of the, optic

neuritis in, 130

Landry's paralysis, 720

diagnosis of, 764

etiology, 727

history, 725

pathological anatomy, 731

prognosis of, 767

symptoms of, 753

treatment of, 773

Larynx, symptoms referable to the, in

tabes dorsalis, 839

Lateral curvature of the spine, 619

sclerosis, 790

amyotrophic, 793

Lead poisoning, multiple neuritis in,

381, 431

wrist-drop in, 271

Leprosy, amputating, 512

diagnosis of, from syringomyelia,

789

multiple neuritis in, 387, 435
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Leptomeningitis, acute spinal, 672

course, 677

diagnosis, 678

etiology, 672

pathological anatomy, 673

prognosis, 679

symptoms, 675

treatment, 680

chronic spinal, 680

Ligaments, affections of the, in tabes

dorsalis, 849

Lloyd, James Hendrie, on Diseases of

the Cerebrospinal and Sympathetic

Nerves, 1

Lockjaw, 184

Locomotor ataxia, see Tabes dorsalis

Lumbar plexus, anatomy of the, 293

diseases of the, 296

Main-en-grifpe in ulnar-nerve paraly-

sis, 279

Malaria, multiple neuritis in, 890

optic neuritis in, 134

Mai perforant, 97, 509

in tabes dorsalis, 849

Mastodynia, 292

Measles, multiple neuritis in, 385

optic neuritis in, 134

Median nerve, diseases of the, 282

Meniere's disease, 208

in tabes dorsalis, 838

Meninges, spinal, hemorrhage into the,

diagnosis of, from hsemato-

myelia, 666

inflammation of the, 668

tumors of the, 629

Meningitis, basilar, optic neuritis in, 127

lepto-, spinal, 672

pachy-, spinal, 668

Mental disorders in multiple neuritis,

425

Mercury, multiple neuritis in poisoning

by, 394

Metasyphilis, tabes dorsalis and gener-

al paralysis are expressions of, 813

Metritis, paraplegia consecutive to, 308

Migraine, 167. 170

Mills, Charles K., on Trophoneuro-

ses, 477

MObius, p. J., on Tabes Dorsalis, 803

Morvan's disease, 95, 786

Motion, disorders of, 56

Motor plates, 14

Mouth, ulcers of the, in tabes dorsalis,

837

Mucous membranes, terminations of

nerves in, 14

Multiple neuritis, see Polyneuritis

sclerosis, optic-nerve atrophy in, 139

optic neuritis in, 128

Muscle, atrophy of, in tabes dorsalis, 850

degeneration of, 72

duration tetany, 26, 75

motor points in, 80

pectoralis, absence of the, 286

reactions of degeneration in, 74

response of, to electricity, 26

serratus magnus, paralysis of the,

274

termination of nerves in, 14

trophic lesions of, 72

Muscular atrophy, progressive spinal,

796

sense, 33

disorders of, 68

tonus in hereditary ataxia, 891

in tabes dorsalis, 832

Musculocutaneous nerve, diseases of the,

288

Musculospinal nerve, diseases of the,

267

Myelin, 10

Myelitis, 720

acute, symptoms of, 738

treatment of, 768

bibliography, 802

chronic, symptoms of, 751

treatment of, 773

course, 738

definition, 720

diagnosis, 760

acute, 760

chronic, 763

disseminated encephalomyelitis,

765

from polyneuritis, 444

Landry's paralysis. 764

transverse, 760

etiology, 726

hemorrhagic, 739

history, 724

of the anterior horns, 682
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Myelitis, pathological anatomy, 730

prognosis of, 765

acute, 765

chronic, 767

disseminated encephalomyelitis,

768

Landry's paralysis, 767

symptoms, 738

acute transverse, 738

cervical transverse, 750

disseminated encephalomyelitis,

755

dorsal transverse, 749

Landry's paralysis, 753

lumbar transverse, 749

sacral transverse, 750

transverse, '738

termination, 738

transverse, 720

course of acute, 746

diagnosis of, 760

diagnosis of acute, 760

djagnosis of chronic, 763

etiology, 736

history, 725

pathological anatomy, 732

prognosis of, 765

symptoms of acute, 738

symptoms of cervical, 750

symptoms of chronic, 752

symptoms of dorsal, 749

symptoms of lumbar, 749

symptoms of sacral, 750

termination of acute, 747

treatment of, 768

treatment, 768

acute, 768

chronic, 772

Landry's paralysis, 773

Nails, affections of the, in tabes dor-

salis. 850

trophoneurotic changes in the, 88

Nasopharynx, headache in diseases of

the, 167

Nephritis, optic nexiritis in, 130

Nerves, abducens, see Nerves, sixth

accessory, of Willis, see Nerves,

eleventh

acoustic, see Nerves, eighth

anatomy of the, 3

Nerves* anterior crural, diseases of the,

301

thoracic, diseases of the, 285

auditory, see Nerves, eighth

blood-vessels of, 13

bruising of, 45

cells, 4

adendric, 5

Cajal's, 6

Deiter's, 6

dendric, 5

Golgi's, 6

cervical, diseases of the, 254

chorda tympani, 188

circumflex, anatomy of the, 263

diseases of the, 264

coccygeal, diseases of the, 361

connective tissue of, 11

contusion of, 45

cranial, diseases of the, 105

symptoms relating to the, in

tabes dorsalis, 833

degeneration of, 42

Wallerian law of, 18, 42

descendens noni, 242

Nerves, Diseases of the Cerebro-

spinal and Sympathetic, 3
general anatomy of the nerves, 3

;

general physiology of the nerves, 14
;

electrotonus, 21 ; modes of sensation,

28 ; the reflexes, 34
;
general pathol-

ogy, 42 ;
general symptomatology,

56 ; disorders of motion, 56 ; dis-

orders of sensation, 63 ; disorders

of nutrition, 70 ; disorders of the

reflexes, 101 ; disorders of the circu-

lation, 104 ; the olfactory nerve,

105 ; the optic nerve, 109 ; the third

nerve, 141 ; the fourth nerve, 149

;

the sixth nerve, 150 ; combined pal-

sies of the ocular muscles, 154 ; the

Ijfth nerve, 157 ; headache. 165 ; tic

douloureux, 171 ; motor affections

of the fifth nerve, 184 ; the seventh

nerve, 187 ; the eighth nerve, 199

;

the ninth nerve, 210; the tenth

nerve, 214 ; the eleventh nerve, 233 ;

torticollis, 238; the twelfth nerve,

240 ; morphology of the spinal

nerves, 245 ; the cervical plexus,

251 ; the phrenic nerve, 252 ; the
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cervical nerves, 254 ; the brachial

plexus, 256 ; the circumflex nerve,

263 ; the musculospinal nerve, 267 ;

the posterior interosseous nerve,

270 ; the posterior thoracic nerve,

274 , the suprascapular nerve, 276
;

the ulnar nerve, 276 ; the median

nerve, 282 ; the anterior thoracic

nerves, 285 ; the musculocutaneous

nerve, 288 ; the internal cutaneous

nerve, 288 ; the dorsal and inter-

costal nerves, 288 ; the lumbar

plexus, 293 ; the iliohypogastric

nerve. 299 ; the Ilioinguinal nerve,

299 ; the external cutaneous nerve,

299 ; the genitocrural nerve, 300

;

the obturator nerve, 800; the an-

terior crural nerve, 301 ; the sacral

plexus, 303 ; the superior gluteal

nerve, 327 ; the pudic nerve, 327

;

the small sciatic nerve, 328 ; the

great sciatic nerve, 330 ; sciatica,

337 ; the peroneal nerve, 359 ; the

internal popliteal nerve, 360 ; the

fourth and fifth sacral and the

coccygeal nerves, 361 ; the cauda

equina, 363; multiple neuritis,

373 ; the sympathetic nervous sys-

tem, 455 ; bibliographical refer-

ences, 467

Nerves, dorsal, diseases of the, 288

eighth, anatomy of the, 199

diseases of the, 200

symptoms referable to the, in

tabes dorsalis, 838

electrotonus of, 21

eleventh, anatomy of the, 233

diseases of the, 234

endings, specialized, 921

external cutaneous, diseases of the,

299

facial, see Nerves, seventh

faradism of, 22

fibres, non-medullated, 11

peripheral, 922

structure of, 10

fifth, anatomy of the, 157

diseases of the, 158

motor affections of the, 184

neuralgia of the, 169

paralysis of the, 158

Nerves, fifth, paralysis of the motor

branch of the, 184

symptoms referable to the, in

tabes dorsalis, 836

fourth, anatomy of the, 149

diseases of the, 149

galvanism of, 22

genitocrural, diseases of the, 300

glossopharyngeal, see Nerve, ninth

great sciatic, diseases of the, 330

hypoglossal, see Nerve, tioelftli

iliohypogastric, diseases of the, 299

ilioinguinal, diseases of the, 299

impulse, elaboration of a, 14

passage of, from one neuron to

another, 16

inflammation of, 50. See also Neuri-

tis and Polyneuritis

intercostal, diseases of the, 288

internal popliteal, diseases of the,

360

respiratory, of Bell, diseases of

the, 254

median, diseases of the, 282

musculocutaneous, diseases of the

288

musculospiral, anatomy of the, 267

diseases of the, 268

ninth, anatomy of the, 210

diseases of the, 213

functions of the, 212

nutrition of, 17

obturator, diseases of the, 300

oculomotor, see Nerve, third

of Wrisberg, 188

olfactory, anatomy of the, 105

diseases of the, 107

symptoms referable to the, in

tabes dorsalis, 833

optic, anatomy of the, 109

atrophy of the, 135

congestion of the, 117

inflammation of the, 119

symptoms referable to the, in

tabes dorsalis, 834

pathetic, see Nerve, fourth

pathology of the, 42

peroneal, diseases of the, 359

phrenic, diseases of the, 252

physiology of, 14

pneumogastric, see Nerve, tenth
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Nerves, posterior interosseous, diseases

of the, 270

thoracic, diseases of the, 274

pressure on, 44

pudic, diseases of the, 327

reaction of, qualitative, 25

quantitative, 25

serial, 25

to faradism, 22

to galvanism, 22

recurrent laryngeal, diseases of the,

224

regeneration of divided, 45

reunion of, 45

sacral, diseases of the, 361

sciatic, diseases of the, 330

neuralgia of the, 837

seventh, anatomy of the, 187

diseases of the, 188

inflammation of the, 188

paralysis of the, 189

sixth, anatomy of the, 150

diseases of the, 150

small sciatic, diseases of the, 328

spinal, diseases of the, 245

morphology of the, 245

spinal accessory, see Nerve, eleventJi

stretching in the treatment of sci-

atica, 352

superior gluteal, diseases of the,

327

suprascapular, diseases of the, 276

sympathetic, anatomy of the, 455

diseases of the, 457

symptoms of disease of, 56

tenth, anatomy of the, 214

diseases of the, 220

diseases of the cardiac branches

of the, 228

diseases of the gastric branches

of the, 231

diseases of the laryngeal

branches of the, 223

diseases of the oesophageal

branches of the, 230

diseases of the pharyngeal

branches of the, 223

diseases of the pulmonary

branches of the, 230

diseases of the, treatment, 232

functions of the, 217

Nerves, tenth, symptoms referable to

the, in tabes dorsalis, 839

terminations of, 13

third, anatomy of the, 141

diseases of the, 142

diseases of, causes, 142

diseases of the, symptoms, 144

diseases of, treatment, 148

paralysis of the, in tabes dor-

salis, 835

thirteenth, of Sapolini, 188

trifacial, see Nerve, fftli

trigeminal, see Nerve, fifth

trochlear, see Nerve, fourth

tumors of, 55

twelfth, anatomy of the, 240

diseases of the, 242

symptoms referable to the, in

tabes dorsalis, 841

ulnar, anatomy of the, 276

diseases of the, 277

vagus, see Nerve, tenth

Neuralgia, 168

brachial, 257

treatment, 262

intercostal, 289

postcervical, 254

sciatic, 337

Neurasthenia, headache in, 166

Neuritis, 50

facial, 188

interstitial, 51, 448

migrans, 441

multiple, see Polyneuritis

olfactory, 107

optic, 119

causes, 122

course, 125

prognosis, 126

symptoms, 120

parenchymatous, 51, 449

peripheral, see Polyneuritis

trigeminal, 159

Neuroma, 55

cutis, 55

plexiform, 56

Neuron, 4

conduction, of the spinal cord, 926

nutrition of the, 17

peripheral sensory, 9, 922

physiology of the, 14
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Weurotabes pcripherica, 407

Ninth nerve, diseases of the, 210

Nutrition, disorders of, 70

Nystagmus in hereditary ataxia, 891

Obturator nerve, diseases of the, 300

Ocular muscles, combined palsies of the,

154

Oculomotor nerve, diseases of the, 141

ffidemain polyneuritis, 419

trophoneurotic, 84

Olfactory nerve, diseases of the, 107

Ophthalmia, neuroparalytic, 161

Ophthalmoplegia, 154

in tabes dorsalis, 835

Optic nerve, diseases of the, 109

Orbital Inflammation, optic neuritis in,

133

Pachymeningitis cervicalis hypertro-

phica, 668

diagnosis, 670

diagnosis of, from syringo-

myelia, 788

pathological anatomy, 668

symptoms, 669

treatment, 672

Pain, 905
the psychological problem, 910 ; the

psychophysical problem, 917 ; the

psychophysiological problem, 920

;

the peripheral sense organ or special-

ized nerve ending, 921 ; the per-

ipheral nerve fibre or peripheral

sensory neuron, 922 ; the conduction

neuron or tract of the spinal cord,

926 ; the path for the conduction of

pain stimuli in the brain, 936 ; cor-

tical pain, 938 ; conclusions, 940

;

bibliography, 942

Tain, association of, with other sensa-

tion, 941

biological theory of, 919

central, 936

conduction tract for, 926, 984

cortical, 938

economic theory of, 919

from pressure, gestures expressive

of, 910

gestures expressive of, 909

hysterical, nature of, 938

Pain, inflammatory, gestures expressive

of, 909

inhibition of, 939

intensity of, 914

lancinating, of tabes dorsalis, 825

mental conditions associated with,

911

nature of, 905

neuralgic, gestures expressive of,

910

objective study of, 906, 909

path for conduction of stimuli of,

in the brain, 936

psychological aspect of, 905

psychological problem of, 910

psychophysical problem of, 917

psychophysiological problem, 920

qualities of, 910

referred, 929, 935

relation of, to the stimulus, 917

retarded conduction of, 926

in tabes dorsalis, 829

sense, 32

disorders of, 66

specific function of, in the peripheral

sensory neurons, 922

spreading of, 932

stretching, gestures expressive of,

910

subjective study of, 906, 908

terminal organ of. absence of ana-

tomical or pathological evidence

of a. 922

Painless man, a professional, 939

Palsy, Sunday morning, 269

Panaris analgesique, 95

Parsesthesia, 69

in tabes dorsalis, 827

Paralysis, 61

adult spinal, 711

diagnosis, 715

etiology, 712

history, 711

pathological anatomy, 712

prognosis, 716

symptoms, 713

treatment, 716

alcoholic, 380

Aran-Duchenne type of, 402

atrophic spinal, of adults, 711

of children, 680
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Paralysis, Brown-Sequard's, 582

chronic spinal, 717

essential, of childhood, 682

facial, 189

general, optic nerve atrophy in, 138

relation of, to syphilis, 811

hereditary spastic spinal, 897

bibliography, 902

infantile spinal, 682

arthrodesis in, 710

contractures in, 696

contractures, treatment of the,

708

course, 690, 700

definition, 682

deformities in, 696

deformities, treatment of the,

708

diagnosis, 107

etiology, 684

history, 683

orthopedic treatment of, 709

paralysis of, 691

pathological anatomy, 688

prognosis, 705

reactions of degeneration in, 695

symptoms, 690

synonyms, 682

treatment, 706

trophic disturbances of, 694

Landry's, 720

lead, 381

myelitic, 740

polyneuritic, 397

Pott's, 594

puerperal, 307

spastic spinal, 790

subacute spinal, 716

Paresis, 62

general, optic nerve atrophy in,

138

relation of, to syphilis, 811

Patellar reflex, 40

Pathetic nerve, diseases of the, 149

Pectoralis muscles, absence of the, 286

Pemphigus, trophoneurotic, 86

Perforating ulcer of the foot, 97, 509

bibliography, 517

in tabes dorsalis, 849

Peripheral neuritis, see Polyneuritis

Peroneal nerve, diseases of the, 359

Pflliger's law of the response of nerves

to galvanism, 23

Pharyngeal crises in tabes dorsalis, 840

Phlegmon, trophoneurotic, 98

Phrenic nerve, diseases of the, 253

Pityriasis Ethiopivun, 512

Plexus, brachial, anatomy of the, 256

diseases of the, 257

cervical, diseases of the, 251

lumbar, anatomy of the, 293

diseases of the, 296

sacral, anatomy of the, 303

diseases of the. 305

symptoms of diseases of the,

315

Pneumogastric nerve, diseases of the, 214

Pneumonia, multiple neuritis in, 394

Poliomyelitis anterior acuta adultorum,

711

infantum, 682

anterior chronica, 717

anterior subacuta, 716

bibliography, 801

Polydipsia in acromegaly, 544

Polyneuritis, 373

alcoholic, 380, 428

arsenical, 393, 440

clinical forms, 428

definition, 373

diabetic, 394, 436

diagnosis, 442

from hysteria, 444

from infantile paralysis, 703

from myelitis, 444

from syringomyelia, 444, 788

from tabes dorsalis, 442, 869

djiphtheritic, 383, 429

etiology, 379

evolution, 427

history, 374

influenzal, 392, 440

interstitial, 448

leprous, 387, 435

migrans, 441

morbid anatomy, 448

of beriberi, 391, 436

parenchymatous, 449

plumbic, 381, 431

prognosis, 445

symptoms, 397

mental, 425
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Polyneuritis, symptoms, motor, 397

sensory, 416

special senses, 42?

trophic, 418

visceral, 430

tabetic, 438

tachycardia in, 329

treatment, 451

tuberculous, 386, 440

typhoid, 384, 440

Polyphagia in acromegaly, 544

Popliteal nerve, internal, diseases of the,

360

Posterior interosseous nerve, diseases of

the, 270

thoracic nerve, diseases of the, 274

Pott's paraplegia, 594

Progressive spinal muscular atrophy,

796

Pseudotabes, 859

Psychology, attitude of, towards pain,

905

Pudic nerve, diseases of the, 337

Puerperal paralysis, 307

diagnosis, 323

pathology, 334

symptoms, 315

treatment, 325

types, 316

Puerperium, multiple neuritis during

the, 394

Pupil, Argyll-Robertson, in tabes dor-

salis, 823

Raynaud's disease, 503

bibliography, 516

definition, 503

diagnosis of, 506

from erythromelalgia, 507

etiology, 503

pathology, 504

prognosis, 508

symptoms, 505

synonyms, 503

treatment, 509

Reactions of degeneration. 74

in infantile spinal paralysis, 695

in multiple neuritis, 413

Reflex arc, 34

centre, 34

Reflexes, the, 34

Reflexes, condition of, in hereditary

ataxia, 893

in multiple neuritis, 411

in myelitis, 743

in syringomyelia, 784

in tabes dorsalis, 836

deep, 36

disorders of the, 101

inhibition of, 37, 38

order of occurrence of the, 42

paradoxical, 41

reinforcement of the, 34, 39

superficial, 35

Regeneration of nerves, 45

Relapsing fever, optic neuritis in, 134

multiple neuritis in, 391

Retina, anatomy of the, 109

Retinitis, 119

albuminuric, 130

Rheumatism, multiple neuritis in, 393

Romberg's symptom, 889

Roots, spinal, functions of the, 31

Sacral nerves, diseases of the, 361

plexus, anatomy of the, 303

diseases of the, 305

diseases of the, diagnosis, 323

diseases of the, pathology, 324

diseases of the, symptoms of, 315

diseases of the, treatment, 325

diseases of the, types, 316

Salivation in tabes dorsalis, 838

Scarlatina, disseminated encephalomye-

litis after, 757

multiple neuritis after, 386

Schwann, sheath of, 10

Sciatica, 337

diagnosis, 344

duration, 340

etiology, 337

pathology, 340

symptoms, 339

treatment, 345

Sciatic nerve, great, diseases of the, 330

small, diseases of the, 828

Sclerodactyle, 537

Scleroderma, 531

annulare, 513

circumscribed, 533

definition, 531

diagnosis, 537
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Scleroderma, diagnosis from hemifacial

atrophy, 486, 537

diffuse, 524

etiology, 523

historical sketch, 521

morbid anatomy, 535

prognosis, 538

symptoms, 528

treatment, 539

Sclerosis, amyotrophic lateral, 793

diagnosis of, from syringomy-

elia, 787

annular cortical, of the spinal cord,

752
• lateral, 790

multiple, diagnosis of, from syringo-

myelia, 789

optic lesions in, 128, 139

myoatrophic lateral, 793

Scoliosis, 619

Sensation, localization of, a physical

association, 933

Sense organ, the peripheral, 921

Sensibility, disorders of, 63

in syringomyelia, 782

in tabes dorsalis, 827

modes of, 28

muscular, 33

disorders of, 68

pain, 32

disorders of, 66

loss of, in syringomyelia, 782

tactile, 30

disorders of, 64

temperatui'e, 31

disorders of, 65

loss of, in syringomyelia, 783

Sensory election, 925

Scpticajmia, multiple neuritis in, 389

Serratus magnus muscle, paralysis of

the, 274

Seventh nerve, diseases of the, 187

Sherrington's law, 579

Sialorrhffia in tabes dorsalis, 838

Sixth nerve, diseases of the, 150

Skin, affections of the, in tabes dorsalis,

849

glossy, 83

terminations of nerves in, 14

trophic lesions of the, 80

Smallpox, multiple neuritis after, 385

Smallpox, optic neuritis in, 134

Small sciatic nerve, diseases of the, 328

Spasm, 56

Spastic spinal paralysis, 790

hereditary, 897

bibliography, 902

Speech, disturbances of, in hereditary

ataxia, 890

Sphaceloderma, 502

Spinal accessory nerve, diseases of the,

233

Spinal apoplexy, 659

Spinal cord, abscess of the, 774

bibliography, 802

annular cortical sclerosis of the, 752

cavity formation in the, 776

Spinal Cord, Combined System Dis-

eases of the, 883
introduction, 883 ; hereditary ataxia

(Friedreich's disease), 887; heredi-

tary spastic spinal paralysis, 897

;

secondary system diseases, 900 ; bib-

liography, 902

Spinal Cord, Diseases of the, 565
introduction, 565; injuries, 566;

spinal caries, 594 ; arthritis defor-

mans, 618 ; lateral curvature, 619 ;

tumors of the spinal cord, 619

;

tumors of the spinal column, 622

;

tumors of the meninges and of

the cord, 629 ; hsematomyelia, 659
;

pachymeningitis cervicalis hyper-

trophica, 668 ; acute leptomeningi-

tis, 672 ; chronic leptomeningitis,

680
;

poliomyelitis anterior acuta

infantum, 682 ; poliomyelitis ante-

rior acuta adultorum, 711 ; poliomy-

elitis anterior subacuta, 716 ; polio-

myelitis anterior chronica, 717

;

myelitis, 720 ; abscess of the spinal

cord, 774 ; syphilis of the spinal

cord, 776 ; syringomyelia, 777

;

spastic spinal paralysis, 790 ; pro-

gressive spinal muscular atrophy,

796 ; bibliography, 800

spinal cord, endogenous system dis-

eases of the, 885

exogenous system diseases of the,

885

gliosis of the, resulting in syringo-

myelia, 779
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Spina] cord, hemorrhage iuto the, 659

inflammation of the, 720

of the anterior horns, 682

injuries of the, 566

bibliography, 800

course, 584

diagnosis, 586

from spinal caries, 594

diagnosis of the segment in-

volved, 588

duration, 584

pathological anatomy, 570

prognosis, 585, 591

symptoms, 573

symptoms of cervical, 575

symptoms of dorsal, 574

symptoms of lumbar, 575

termination, 584

treatment, 592

localization of the functions of the

segments of the, 249, 577

optic neuritis in diseases of the, 129

sclerosis of the posterior columns,

805

syphilis of the, 776

sequelae of, 900

system diseases of the, 883

secondary, 900

toxic affections of the, 901

tract for pain conduction in the, 926

tumors of the, 619, 629

bibliography, 801

course, 640

diagnosis, 641

localization of, 648

localizing symptoms of, 685

operations on, 649

pathological anatomy, 629

prognosis, 646

segmental diagnosis, 648

symptoms, 632

treatment, 647

Spinal hemorrhage, 659

leptomeningitis, 672

Spinal meninges, hemorrhage into the,

diagnosis of, from haematomyelia,

666

tumors of the, 629

course, 640

diagnosis, 641

localizing symptoms of, 635

Spinal meninges, tumors of the, patho-

logical anatomy, 629

symptoms, 632

Spinal meningitis, 668

nerves, diseases of the, 245

pachymeningitis, 668

Spinal paralysis, adult, 711

chronic, 717

hereditary spastic, 897

bibliography, 902

infantile, 682

spastic, 790

subacute, 716

Spine, arthritis deformans of the, cord

lesions in, 618

caries of the, 594

cord symptoms of, 605

course, 608

diagnosis, 610

duration, 608

etiology. 599

history, 594

operative treatment of, 617

pathological anatomy, 595

prognosis, 613

root symptoms of, 601

symptoms, 600

termination, 609

treatment, 614

lateral curvature of the, root symp-

toms in, 619

tumors of the, 622

bone symptoms, 624

cord symptoms, 626

diagnosis, 626

etiology, 624

prognosis, 628

root symptoms, 625

symptoms, 624

treatment, 629

Spondylitis, spinal-cord lesions accom-

panying, 594

Stimuli, dermal, different sensations

produced by different intensities of,

917

StrI'mpell, Adolf, on the Combined

System Diseases of the Spinal Cord,

881

Subcutaneous tissues, trophoneurotic

lesions of the, 98

Sunday morning palsy, 269
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Superior gluteal nerve, diseases of the,

327

Suprascapular nerve, diseases of the, 276

Sweating, excessive local, in sympa-
thetic nerve disease, 457

Sympathetic nervous system, diseases of

the, 455

Syncope, local, 502

Syphilis, general paralysis due to, 811

multiple neuritis in, 389

of the spinal cord, 776

sequelce of, 900

optic neuritis in, 129

tabes dorsalis due to, 806

Syringomyelia, 777

anomalous types of, 786

arthropathies in, 784

diagnosis, 787

from amyotrophic lateral sclero-

sis, 787

from hoematomyelia, 788

from leprosy, 789

from multiple sclerosis, 789

from pachymeningitis cervicalis

hypertrophica, 788

from polyneuritis, 444, 788

from tabes dorsalis, 789

dissociation of sensations in, 782,

928

disturbances of sensibility in, 782

etiology, 777

pathological anatomy, 778

prognosis, 785

symptoms, 780

treatment of, 790

System diseases of the spinal cord, 883

secondary, 900

Tabes Dorsalis, 805
synonyms, 805 ; etiology, 806

;

pathological anatomy, 817 ; symp-
toms, 821 ; course, 852 ; diagnosis,

855 ; prognosis, 860 ; treatment, 862

Tabes dorsalis, age of occurrence, 808

Argyll -Robertson pupil in, 822

arthropathies in, 846

articular affections in, 846

ataxia in, 830

atrophy in, 850

auditory nerve symptoms in, 888

bladder symptoms in, 827, 845

Tabes dorsalis, bone affections in, 846

cardiac affections in, 852

cerebral symptom of, 841

course, 852

cranial-nerve symptoms in, 833

crises in, 839, 843

diagnosis, 855

from polyneuritis, 442

from syringomyelia, 789

etiology, 806

accessory causes, 814

eye symptoms in, 822, 834

fifth-nerve symptoms in, 886

fractures in, 848

gastric crises in, 843

girdle sensation in, 828

heart lesions in, 852

history, 805

hypoglossus-nerve symptoms in, 841

impotence in, 846

insanity in, 842

intestinal crises in, 844

joint symptoms in, 846

lancinating pains in, 825

laryngeal crises in, 839

ligaments in, 849

Meniere's symptoms in, 838

multiple neuritis in, 438

muscular atrophy in, 850

tonus in, 832

nails in, 850

oculomotor paralysis in, 835

olfactory-nerve symptoms in, 833

optic-nerve symptoms in, 136, 834

osseous lesions in, 846

pain-conduction retarded in, 829

pains in, 825

paraesthesise in, 827

pathological anatomy, 817

perforating ulcer in, 849

pharyngeal crises in, 840

prognosis, 860

prophylaxis of, 864

pseudo-, 859

racial distribution of, 809

reflex iridoplegia in, 823

reflexes in, 826

renal crises in, 845

sex in relation to, 808

skin affections in, 849

social conditions in relation to, 809
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Tabes dorsalis, spontaneous frrictures

in, 848

stages of, 852

symptoms, 821

synonyms, 805

tucliycardia in, 840

taste disturbances in, 838

treatment, 862

antis^'philitic, 860

electrical, 871

exercises, 877

hydrotherapeutic, 869

nerve stretching, 873

preventive, 864

suspension, 874

symptomatic, 875

vesical crises in, 845

disturbances in, 827

visceral crises in, 843

Tachycardia in alcoholic multiple neuri-

tis, 229

in tabes dorsalis, 840

Tactile sense, 30

disorders of, 64

Taste, disturbances of, in disease of the

ninth nerve, 213

in tabes dorsalis, 838

Temperature, changes in local, in nerve

lesions, 105

sense, 31

disorders of, 65

Tephromyelitis, acute anterior, 682

Tetany, duration, 26

in multiple neuritis, 415

Third nerve, diseases of the, 141

Thirteenth nerve of Sapolini, 188

Thoracic nerves, anterior, diseases of

the, 285

posterior, diseases of the, 274

Tic douloureux, 171

causes of, 171

epileptiform, so-called, 172

pathology of, 174

symptoms of, 172

treatment, 177

medical. 177

surgical, 180

Tinnitus of ear disease, 201

Tobacco heart, 229

Toes, dead, 502

Tongue, hemiatrophy of the, 488

Vol, XI.—61

Tongue, paralysis of tiie, 242

Torticollis. 238

Tremor, 58

in multiple neuritis, 405

Trifacial nerve, diseases of the, 157

Trigeminal nerve, diseases of the, 157

Trismus, 184

Trochlear nerve, diseases of the, 149

Trophic disturbances, 70

Trophoneuroses, 479
hemifacial atrophy, 479 ; hemi-

lingual atropliy, 488 , hemifacial

hypertrophy, 493 ; hypertrophy of

one-half of the body, 496 ; localized

atrophies and hypertrophies, 496

;

hyperostosis of the cranium, 497
;

Raynaud's disease, 502
;
perforating

ulcer of the foot, 509 ; ainhum, 512 ;

bibliography, 515 ; scleroderma,

521 ; acromegaly, 540 ; adiposis

dolorosa, 554

Tuberculosis, multiple neuritis from,

386, 440

vertebral, 594

Twelfth nerve, diseases of the, 241

Typhoid fever, multiple neuritis in, 384,

440

optic neuritis in, 134

Ulcer, perforating, 97. 509

in tabes dorsalis, 849

tabetic, of the mouth, 837

Ulnar nerve, diseases of the, 276

Uraemia, headache in, 165

Urticaria, trophoneurotic, 84

Uterus, paraplegia following diseases of

the, 308

Vagus nerve, diseases of the, 214

Varicella, disseminated encephalomye-

litis following, 756

Vertebrte, arthritis deformans of the, 618

caries of the, 594

relations of the spinous processes to

the cord segments and nerve roots,

579, 590

tumors of the, 622

Vertigo, aural, 204

Viscera, trophoneurotic lesions of the,

100
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Wrisberg, nerve of, 188

Wrist-drop, 271

in lead poisoning, 431

Walleman law, 18. 42

Whitlow, Morvan's, 786

trophoneurotic, 93

Willis, accessory nerve of, diseases of Wry-neck, 238

the. 233

WiNDSCHEiD, F. , on Diseases of the

Spinal Cord, 563

Wither, Lightner, on Pain, 903

Yellow fever, optic neuritis in, 134

Zona, trophoneurotic, 85
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